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LETTEE 

fW>» TUB 

SECRETARY OP THE SMITHSONIAN INSTITUTION, 

BTFOlfErpTNA 

THB AirUVAX BEFOBT OF THZ BOABD OF KEOEM^ OF THE 
OrSTITtmOH FOE THE TEAR ENRIHO JURE 30, 1016. 


SMITHSOSIAX IXiflTl'UTIOS, 

Wa9Aj7tfffe»tj Z^ee^Tndgr SSY, /ff/ff. 
To ihi Con^reM of the UinUed States: 

Id ttccordflnce wiUi section 6503 of the Revised Statutes of the 
United States, T have tlic honor, in behalf of the Board of Eegcats, 
to submit to Congress the annual report of the operations, expendi¬ 
tures, and condition of the Smithsonian Institution for the year end¬ 
ing June 30,1910. I have the honor to bis, 

Very respectftiUy, your obedient servant, 

ChaBIEB D. WAK»rE7<^!B«T'^y. 

tu 
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1- AnDUiil report of the secretary, giving ao account of the opera¬ 
tions and condition of the Institution for the year ending Juno 30, 
1916, with statistics of exchanges, etc. 

2, Beport of the executive committee of the Board of BegetiU, 
exhibiting the Gnancial affairs of the Institutioiit including a state¬ 
ment of ilia Smithsonian fund, and receipts and expenditures for the 
year ending Judc 30, 1016. 

3. Proceedings of the llc>nrd of Regents for the Gsca! year ending 
June 30, 1010, 

■L General appendix^ comprising a selection of misecllaneoiLs meat- 
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REPORT 

OF THS 

SECRETARY OF THE SMITHSONIAN INSTITUTION 

CHARLES D. WALCOTT 

™ m£ Yt4M ENDINC JUNE 

ihf of He q/ SuvithiOrufm luetiiution^' 
Gentl?:5iks: I have the honor to submit herewith the citetoraary 
unnuiil report on the opetntiorxs of Uio SmitheoniiLD Institution and 
its branches during the hscal year ending June including 

work placed by Congress tinder the direction of llie Board of Ilegente 
in the Uni ted States Xational Mu^um^ the Bureon of American 
Ethnology, the International Exchanges, the National Zoological 
Park, the Astrophysical Obseiwatorj, and the United States Bureau 
of the Intemationul Catalogue of Scient iRc Literaturec 
The general report reviews ttie a Sidra of the Institution proper and 
bricRj summaries the operations of its several branches, while the ap¬ 
pendices oontaln detailed reports by the a^dstant secretary and athere 
directly in charge of various activities The reports on operations of 
the National Museum and the Bureau of American Ethnology will 
also be publishod uss independent volumes. 

THE SMITHSONIAN INSTITUTION. 

TflK ECTASr-lStOlKNT. 

The SmithsoniaJt Institi^tion was created an establishment by act 
of Congress approved Augu^ 10, 1S46. Its statutory members are 
the Prerident of the United States, the Vice President, the Chief 
justice, and the heads of the executive departments. 

m 

THE BOAUD OP REOESTS. 

The Board of Regents, which is charged with the administration of 
the Institution, consists of the Tice President and the Chief Justice of 
the United States as ex oOicio member, three Members of the Senate, 
three Members of the House of Hepresentati vea, and six citizens, ^ two 
of whom shall be residents in the city of Washing;ton and the other 
four shall be inhabitants of some State, but no two of them from the 
same Statc^'" 


1 


*2 


A^'yUAl, RETORT SMITHSOXIAN IJreTlTUTIOJT, lUlfl. 

In (TgHrd to tho persoruiel of the board the only changB during 
the fiscal year ^113 the appointment of James T. Lloyd, Beprescnta- 
tive from Miajouri. The roll of Regents on Juno 30, 1916, WfCs as 
/oliows: Edward D. White, Chief Justice of the United SLites, 
Cbiinctllor; Thomas R, llarahall, Vice President of the United 
States; Henry Cabot Lodge, Member of the Senate; William J. 
Stone, Member of the Senate; Henry French Hollis, Member of the 
Sejiii te; Scott Ferris, Member of the House 0 f Representatives; 
Ernest IV. Roberts, Jfember of the Hoii^ of Representatives; James 
T, Lloyd, Member of the House of Representatives; .iVjjdrew D. 
White, citbsen of New York; ,iUexander Graham Beil, citizen of 
Wnshin^on, D. C; George Gray, citiren of Delaware; Charles F, 
Choate, jr., citizen of Msssaebuaetts; John B. Henderson, Jr., citizen 
of Washington, D. C.; and Charles W. Fairbanks, citizen of Indiana. 

The board held its annual meeting on December », 1915, TJie pro^ 
ccedin^ of that meeting, as also the annual financial report of the 
executive committee, bars been printed, as usual, for the use of the 
Regents, while such important matters acted upon as are of public 
intarest are reviewed under appropriate heads in tlio present report 
of the Secretary. A detailed statement of disbtirseinents from Gov¬ 
ernment appropriations, under the diroctioa of the Institution for 
the maintenance of the National Museum, the National Zoological 
Park, and other branches, will be submitted to Congress by the 
Secretary in the usual manner in compliance with the law. 

FI^‘A^’CZS. 

The permanent fund of the Institution and the sources from which 
it Was derived are as foliowe: 


DcpoHlei! f# ihv Trmuru o/ tM Un4t^^d 


B^nest of Inmes Sctilihfloii, 1S4G.__ _ 

Ef>«K(SuELrT legncT of Jmaes Smiauk:kn, 1SCT^_. 

of Mvlties of imrow, _ 

of JfiiuQfl HAraUtoD« lg75 _ 

Amnnolfito^l loToresrt on Hanilltofi fund, igCiS, 


of ^imeucL Hubei, _ _ _ 

Dopofiltfl fmn prowKU of sale «f bonds, __ . ” 

Gift of TbotnjlH G. _ 

Part of rosidiiaiy of Xhonms O. nodufeliiB, IBm. 

r»ep(3«Je from sa?liigg of income 1003_ _ _ ____ 

Realdtiary of Tbolcaa G, Hotlglrlini^ 100T_ ____ 

DepoRit fvtiin of Incoiuep 1013__ _ _ ___ 

Piiri of bequevt of WUlinm Tth*tw _ 

Deposit of t»roc«ds froBj sale of rail estate fsifl of Rolwrt Htsn- 

ton IDIR, _______ __ _ 

B«nicst of AdUlsou T. Betil, ifl u __ _ 

Deposit of saving from tocoaie. Avery begaest. IBM _ _ _ _ __ 


$515. m 00 
20.210,03 
103.020,3T 


2,00a«j 

soaoo 

51,500.00 

200.000,00 

8,000.00 

2S,0(Ml00 

T.masB 

030.04 

251.95 


0.602.42 
4,733.01 
20L09 












BCPOET OF THE B&CfiETABY. 3 

I>epckilt of savings £rgfn Incoiiii;, M'iiry fund, --tlr€€2.Q0 

of suivlDgs from iDcoiiie, Hold fuad, _____, 426L0^i 

DoposLt of Isuloiioc of principal, and lacoiDO, Rbeos 

fund, 1&15 __________ 2tB. 44 

Deposit of Ant lucent of Ldcr T, Abd G^rF?e W. Poore fond^ 

_____aisaiea 

Dopoelt of part of ptincliicil of ,4ddlj*0b T. P*ld futiiL _ dpGOSLt^ 

E^opo^lt of principal of Geor^o IL Satiford fund, - 1,020.00 

Deposit of pnviTijT5 from [ncotiier -----— 2, 6^ . 4t 


TOEal of fuad dcpo^dtfHi in itie United States Treunuy_ OMI^OOCIl 00 


OtAov rf^airrcrt. 


Hegistorod and e^araDteod 4 per cent l^onds of the West ^hnro 
Railroad Co., port of le^cy of Thoiniis O. Hodfdtlns (par 

vnJqc)- - „ 42,000.00 

COnpoD 5 per cent bonda of the Brooklyn Hnpld Tmttslt Co., due 

Jnlj 1. 1330 (cost)_—.. ..i5^<>10.G3 

Coupon 0 per csent bonds of fbs ArKcntlnc fJatton, due Dec. 15^ 
lOlT (iwt).......... 5. pm in 


Total pcrmnnaLLl tuad________ 1,04^134.^ 


The fiecond iDstAUmeiit to the Addisoii T. Hetd fimdf amounting 
to $4,698.59, and a bequest to be known as ibo George Pi. Sanford 
fundf umoundEg to $l,020j were added during the year to the per¬ 
manent fund deposited in the Tr^sitry of the Unitod Stattss, which, 
together with incomes of several specific fund^ amounting to 
$2,081*41 j now aggregotes the total sum of $990,(KM)^ whicii beai's 
mterest at the rate of 6 per cent per atmutm 
Tlie sum of $10,000, being a port of the bequest designated as the 
Frances Lea Chamberlain fund^ the ineome of which is lo be applied 
to tike maintenance of the liiaac Lea collection of gems and moUuiks 
in the National collections, was received by the Institution In 
October, 1815, and on the advice of the executive committee was in¬ 
vested in gold notes maturing on Dwember 15, 1817, and Jedy 1, 
1918, These investments form a nucelus of what will hereafter bo 
known as the ooosolidiited fund. The income account of each specific 
fund w'ilt be credited with the proportion of income which each in¬ 
vested fund bears to the whole fund. 

The Income of the Institution do ring the year, amounting to 
$197,679.^26, was derived an followst Interest on the pciToiinent 
foundation, $60,751.23; oontribiitions from various sources for specific 
purposes, $22*954*89; first payment of the Frances Lea Chcimbcrlain 
fund, $10,000; second payment on account of the Addison T. Beid 
fund, $4,698.59; and from other misceliojiieous sources, $9^05.45. 

Adding the cash balance of $42465*86 on July 1^ 1915, the total 
resources for the fiscal year amoimied to $1+0,836,12* The disburse- 
mentep which are given in detail la the annual report of the executive 
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committw, nmoanted to $105,125,10, leaving a balanoe of $44,111.02 
OQ depoeit Jutio 30, lOlG, in the United States Treasury and in caatL 
The Institution tras duirged by Congress with the disbureemcnt of 
tJie following appropriations for the v-ear ending June 30, 1916; 


Illtermcli^llUl rarlmngift R _ 

AiDcrlciij:i __ ____ _ 

AfftrDphj'!!lr:il Obsen-utorj- _ ___ _ _ 

XatloDiil Museum: 

FuFujture mad ilxtunM__ __ 

Beatific and MghlEnfU^^ ___ 

P^iWetTnllon of __ 

Booim _ _ ______ 

Postage_ __ 

Bulld]nt: __ __ _ _ 

BoolatstJts for U pTienuiLCsiit bureau UbnificK,-*. 

Xatiomil Zoologlcul Par k __ __ _ 

iDtortmtloniil C^fltnlEiRiK? of Seli-iulOe Uternturc. 




-132,00© 

42,000 
-13.000 


_- 25;.000 

-46, OOO 

300*000 

- 2,000 

WO 

15.000 

_ 0.500 

-100*000 

-7,500 


In addition to the above Bi>ecific amounts to be disbur^d by the 
In^ilutioii thei-e was included under the general appropriation for 
printing and binding an allotment of $T6|,200 to cover the cost of 
printing and binding the Smithsonian annual report, and reports 
and miscellaneous printing for the Government branches of the 
Institution. 


THE FREER ART OALliERT. 

One of the most important events since the foundation of tlie In¬ 
stitution was consummated in December last. In my last report it was 
mention^ that Mr. Charles L. Freer was eonaidering the truest ion 
of erecting a suitabte building for the permanent preservation of 
the ^Icndid collection of objects of art which he presented to the 
Institution in 1906 and has snee augmented by many further gifts. 
It is exceedingly gratii^ng here to record the gift by Mr. Freer of 
$1,000,000 in cash for the iramfidiate erection of a building and 
that the site and preliminary plans have been agreed upon, so that 
the actual construction work will soon begin. The building wUl bo 
of granite and located at the southwest corner of the Smithsomaii 
resenmtion at Twelfth and B Streets. 

Tlie miimficcnt donation by Mr. Freer of his collection end pro- 
vision for its preservation is unsurpassed in this country, and is one 
of the most notable gifts of its character in the world’s history, 

Mr, Freer describes his collection as follows: 

Tbew> several CDllacUena loeluUe spet-lmeiB of very widely separata] periods 
of artistic devdopioetit. begiablng before tlae hlrtb of Cbrlst aud cDdlos t<Mlay. 
No QtteaipT has beeo made to secorc sperimens frem onaympotbetle sodfces, my 
collecting Iiavtbs been coaHiMd to Atoerlcan aod Astatic scbools. My great 
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tlefllie tuis been tv unite modern with cnitBterplecee of eertBln i^lods of 

hlifb clvniifttlwi tuirmonlcuis tn ispUlttml nnd physical su^peetlock liATing die 
pokier to brouilen tartLctIc cnlture and the isrnoe fo elevate die ImiuiLD ndnd. 

The original collection consisted of about %^00 paintings and other 
objects of art, and has eince been increased to 5M6 items, mcliidmg 
American paintings and sculptures, the Whistler collection^ and 
oriental paintings, pottery^ bronzes, and jades from China* Korea, 
Japan, anti other Asiatic countries* 

A full catalogue of items ia given by Mr. Kuthbun in hia iluseum 
BuUetin on the Kitionai GaUerj' of Art. 

EXPLOEIAl^lOXS AND RE^JKARCfHES. 

The ii^ial activities were continued during the past year In ad¬ 
vancing one of the fundamental objects of the Smithsonian Institu¬ 
tion, the increase o/ knowledge. In this work various eiiplonitions 
jind researches were inaugurate or participate iti by the Institution 
and ita bntnehesi, covering practically all divisions of astronomical^ 
anthropologicai, biological, and ge<ilogical science* The extent of 
these eKplorations and researches during the history of the Institu¬ 
tion covers a wide range, alihcmgli a great deal more of most impor¬ 
tant work could have bii^n aix^ompludied had adequate funds been 
available. Friends of the Im-litntion have generously aided this 
workj particularly during the last few vears^ through the contribu- 
tion of funds for specific purpoisea, but much yet remains undone, and 
opportunities for imdcrtaking important lines of investigation are 
constantly being lost through lack of mciacs to curry theiu Into 
execution^ 

Sevenil proposed expeditions to various parts of the world have 
been temporarily delayed by the war in Europe, 

I will here mention only brieiJy some of the'recent activities of the 
Institution in these directions and for details of other investigations 
may refer to tlie appendices containing the reports of those directly 
in charge of tlie several branches of the Institution. 

OEOUKIICAL EXrUOJlATlOKa IN TUE ItOCKV MOO'TAINS* 

In continuation of my previous work m the Rocky Mountain re¬ 
gion, T was engttged during the aca^^on of in field invei»tigatinn 
in the Yellowstone Park area end from there north into tlm Belt 
^foLititain^ cast of Helena, Mont The work in the Yellowstone Park 
was carried on with two objects in riew; 

First To determine, if possible, the exteni to which the lower forms 
of algw and possibly bacteria contributed* through their activities, 
tn the deposition from the geyser and hot spring waters of the con- 
laincd enrhonate of lime and silica* 
lOin-2 
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Second. Tbe securing for the Jfntiotial Museum of a series of 
geyser and hot spring deposits, also ailicified wood from the petrified 
foreiiii and certain types of volcanic rocks. 

During the inve^igntion and collecting, numerous photograplia 
were taken of geysers and hot springs find of deposits made from the 
waters through evaporntion and organic agencies. 

The collections were brotight to the ramps by pack horses and 
buckbonrd and subsequently packed for shipment at Fort Yellow¬ 
stone and Yellowstone. Material nasistanco was afforded by the oo- 
opcrtitioii of the acting suiwrintendcnt of tlie park, Col. L. M. Brett, 
United States Army, and officers of tbe United States Engineer Corps 
in charge of the maintenance and development of the park roads and 
trails. 

Upward of 5 tons of specimens were collected and shipr^ to 
tbe National Museum. Tliis collection permits of the preparation of 
a special Yellowstone I’^ark exhibit of great beauty and interest 

It was found that algnl gro^rth was everywhere present when the 
temperature of the waters was from TO' to not much above 180* F., 
und that this growth hud n marked effect upon the amount and charac¬ 
ter of both ralcarcoua and siliceous deposits. 

After completing the investigation of the geyser and hot spring 
deposits, a trip was made to the Fossil Forest in the northeastern 
section of the park, in the Lamar Eiver Valley. Large coUecdomi 
were made here of silioified wood and various minerals, one of the 
latter being a remarkable and beautiful form of coleite rosettes, 
wlticb were illustrated and technically described in the pamphlet on 
Smithsonian explorations in 1915.' 

The camp site in the Lamar Volley was one of unusual interest 
and beauty. Tlie high hilla to the south showed the rock cliffs con¬ 
taining mUcified woo^ calcite rosettes, and beautiful specimens of 
chfllcedony. A little way from the camp tbe party met with a 
large herd of bison growing freely in tbe brood open valley; also 
herds of elk, bands of antelope, a few black bear, and an occ&sional 
wolf. 

On leaving the pork, after 675 miles of travel with the camp out¬ 
fit, the party proofed down the tVest Gallatin River Canyon, stop¬ 
ping to ei&mine the section of Cnmbrian rocks at the mouth of 
SijU&w Creek* Tlie next permamuit camp was lunJe in Deep Creek 
Canyon, 17 miles east of Townsend, Mont., where the extensive pre- 
Cambrian sections of the Big Belt Mountains ore beautifully shown. 
About 2 tons of pre-Camhrian specimens were collected in this 
vicinity before the stomis of late September {1915) dosed the sea¬ 
son’s field work- 
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FilOat JN'^mAS A. 

Mjiny finds of mastodon and mammoth remains^ especially from 
different localities in States bordering on the Great Lakes^ are con¬ 
stantly being reported to the Ij^titution. These “finds,^' chiefly in 
swamp deposits of the Pleistocene, generally conast of a few isolated 
bones or teeth, btit afford evidence of an abivndawco of these great 
creatnrcB during the geological age just precedittg the present. Com¬ 
pared, however, with the great number of remains founds completo 
skeletons are rare, principally because the finds are generally brought 
to liglit by workmen who have little or no knowledge of the scien¬ 
tific value of tlie remaim The JTationai JIuseimi was therefore 
fortunate during the past year in the acquisition of a fine, nearly 
complete adult male mastodon skeleton from a swamp deposit in 
nortliwestern Indiana. 

A part of the skuU. four limb bones, a few ribs and vertebiip 
were unearthed by a dredge crew while excavating a drainage canal 
and shipped to tlic Institution. Mr. i. ’W. Gidley, of the National 
Museum, later succeeded in finding the lower Jaws, most of the re¬ 
maining vertebne and ribs, parts of the pelvis, and n few- more bcab 
and foot bones, and oti a second visit found the missing sections of 
the vertebral column, several more foot bones, and other important 
fragments. On assembling all the bones recovered it has been found 
tluit, with comparatively Hllle artificial restoration, an unusnally fine 
and coniplete specimen of the American mastodon can be prepared 
fqr eJthibition. 

FAlXOXWl^lCAr^ ASU SntATlGltAriUC STtrDlES tS TljE FAtFOjSOtC aOVKS, 

Dr. E. O. Ulrich of the National Museum, tvos occupied for sev¬ 
eral months during the field season of IfllS, under the auspices of 
the United States Geologtcal Survey, in a study of the lower 
Paleozoic deposits of the Mississippi Valley. Ho was engaged 
chiefly Ln seeking evidence respecting the boundary line betwx-en the 
Cambrian and OKUrkian sj^stems. For this purpose many of the 
outcrops of these rocks were visited, but the most important evidence 
was found m the upper Missisaippi Valley and in the Missouri where 
the Upper Cambrian rocks are particularly well displayed^ and the 
succeeding deiKidts of the Ozarkian system are more: commonly 
fossiliferous than elsewhere. The relative abundance of fosslb in 
these areas permitted the actual boundary between the two systems 
to bo aecuretely determined after considerable study. Tliis boun¬ 
dary was found to coincide with the imeveri plane formed at tho 
junction of the depoatU laid down by the retreating Cambrian sea 
with those formed by the return of the waters in Ihe suececrling 
Ozarkkn time. During the i>rngrcsa of tliese slnitigrapUio studies 
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ntimerouEi collection:} of foesUa were secured for the miifcum series, 
and Lncidentally the inTcstigations resulted in the proper placement 
of many fossils whose stratigraphic position had hitherto been un¬ 
certain. 

In the latter part of the season Dr, Ulrich worked out the field 
Tclationsof some insufiieieittly located oollcctions of Faleostoic fossils 
made in southwest Virginia at vnrintis times in the past. The most 
important restiU of these investigations is the proof that a largo 
coral fttunst exceedingly Uke that which marks the horizon of the 
Onondaga limestone throughout the extent of this well known and 
widely diatributwl Middle Devonian formation, had already in¬ 
vaded the continental basins as far ns souti^west Virginia during the 
closing stages of tlie preradiug Lower Devonian. This instance of 
Tecurring fossil fannas is regarded as one of the most important of 
the mtinv similar instances that iiavc been established through the 
field studies of Dr. Ulrich during the past Sri years. .\ll have served 
in correcting erroneous correlations of formations tliat hud arisen 
through the confusion of earlier or later appearances of faunas w ith 
ilio one recogniaed in the standardiaed sequence of stratigi'aphic 
nnits. 

Mr, R. D, lleslcr, nnder the supen'ision of Dr. Ulrich, spent the 
summer of 1015 in making collections of Ordovician and Silttiion 
fossils from formations and localities in the Appalachian and Mis^^ 
sippi Valleys which had hitherto been little represented in the 
mvEseiim collectionit. A large number of fossils resulted from his 
irip, particularly from the Middle Omlovician rocks of east Tennes¬ 
see, which will form the basis of a future monograph on the paleon¬ 
tology of that region. 

Exri/nuTiuNa m Siberia, 

Through the liberality of the Telluride Association the Institution 
WHS enabled to send Mr. B. Alexander with the Keren Expedition 
to the Kolyma River region of northern Siberin. The expedition left 
Seattle, IVash., in JunCj 1014, and returnetl in September, 1D15. The 
immediate purpose of the trip was to obtain remains of large extinct 
animals^ particularly of the mammoth for which the region is noted. 
The results were not all that were hoped for, but a considerable quan¬ 
tity of material was obtained, though no complete skeleton. A re¬ 
port, with photographs taken by the party, was published in the 
pamphlet on Smllhsoiunn t-xplorations and field work in iTie 

rollection of bones sent in by the expedition contains a few fine speci- 
men-s, together with a conaderable number of isolated bones, which 
tire valuable for study and comparison. They all indicate a late 
Pleistocene age, as the bones of many of the forms represented <‘«n 
with difficulty be distinguished from those of species still living in 
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that region. The aiiimala represented include the mammoth, bisnii, 
carnhoit, horse (two or more species), rhinocerns, musk-ox, wolverine, 
anti wolf. The prize specimen is a finely preserreU, almost complete 
skull of Elephat ■pnmigeTii'as. It is of especial interest ns being the 
only skull of the Siberian mammoth in any of our American 
musGuniB. 

fOLLECmSG FOSSIt ECHirfOOEltaiS IN THE OHIO ViLUIT. 

Explorations for fossil echiiiodenns were conducted during the 
summer of lOlfi, under tlie supervision of Jfr. Frank Springer, asso¬ 
ciate in paleontology in the Unitwl States Xational Munenm, The 
work was limited to two areas of Silurian rocks in the Ohio Yalky 
from each of which much valuable material was procured for the 
fitudv of certain definite problems. In southern Indiana Mr. Her¬ 
rick E, Ti'ilson, under Mr. Springer's direction, spent b miml«r of 
weeks quarrying for Kiagaran eehinoderms, particularly crinoids, in 
the vicinity of St. Paul where numerous outcrops of the Lamujl lime¬ 
stone occur. The object of this work was to secure as many speci¬ 
mens as possible for comparisons of this peculiar fauna iritb those 
from European Silurian rocks, Not only waa much material ob¬ 
tained by the quarrying operations, but all of tijo local collections of 
fossik were purchased for ilr. Springer, so that the Museum, which 
hitherto had practically no fossils from the Laurel limestone, k now 
In possession of a splendid general collection of fosstls from this 
particular fonuatioa. 

The second area of exploration was hi west Tennessee along the 
Tetinesscc River, where Mr, W. F. Pate spent some weeks in search¬ 
ing for the peculiar crinoidal bulb, Camaroerinus, and the associ¬ 
ated crinoid, ScypUocrmus;, both of wliich Mr. Springer has proved 
to Iwlong to tbe fiame organism, Mr. Pate was successful in finding 
several lacsHtles where excellent specimens of the CamsrocriniLis and 
,Scyphacrinus were associated, liluch material was secured and the 
specimens will be used in the preparation of Mr. Springer's mouo- 
grapii upon this group of crinoids. 

OKO(^UC.VL WOaK IN PKN-NSTLVANU AND VTUOINLV. 

By armugemeut with the United States fieotogical Survey, Dr. 
Edgar T. "Wherry, of the National Museum, continued his studies 
of the geology of the Reading quadrangle in eastern Pennsylvania 
for a month during the summer of 1915, He completed the areal 
mapping of the Cambrian and Ordovician rorics of the region, and 
has transmitted to the Survey the manuscript of a report upon 
hia work. He also mapped Cambrian and Tiiassic fornutions on 
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llie Qunkortown and Doylestowti quartrangles, which lie to the- enst 
of the Beading. 

A brief visit was made to s newly discovered cave near Ijuricb, 
\ tt., where the cave marble Tvaa reported to be of economic im¬ 
portance This view proved to ba unjustified, but some unusual 
stelactitie fornintiona were found, two specimens of which were 
obtained for the ^luseum collections. 

EIPJEOl-nOS TO fiCiUS'r.O aso ckleees. 

As the result of Etwilogicsl eaplorations carried on by Mr. IT. C. 
Raven in Celebes, through tlio generosity of Dr. W. L. Ablwn,'the 
Museum has receiv^ 464 inanunals. STO birds, 50 reptiles, and inna 
tniscellaneous specim«n& The mammals and birds are of great 
Tolne us thfl first adequate representation of a fauna that has por- 
licular interest in connection with prev'iouB work in other parts 
of the Malay Archipelago. Early in the summer of 1915 Mr, Raven 
returned to America and spent several mouths on vacation and in 
preparing for further explorations in Celebes and other parts of the 
East Indies, Dr, Abbott has oficred his continued support to this 
work. Mr. Raven left Washington fur the Eoid by way of .Japan 
and Singapore, about the middle of October, Two months later 
he reported from Buit^org, Java, that ho was making good prog¬ 
ress toward the collecting ground. 

EXrMRATIOSS I3f CUt^A AND SU^fCHTElA, 

Zcmlogical explorations, mentioned in previoua reports, have been 
continued in China and Manchuria by Mr. Sowerby through the 
gtneroeity of a friend of the institutiem who desires'to remain un¬ 
known, During July, August, and September, he made nn expedi¬ 
tion to the lower te«chcs of the Sungari River and the I-mien-po 
district hi north Manchuria, whens he succeedetl in collecting some 
interesting specimens of mammals, birds, and fishes to be for¬ 
warded to the Institution. 

EXFIAlIL^TION'S IS eAsnSKS SIBEItlA, 

In the summer of IfllS Mr. Copley Amory, jr., returned from the 
noilhe^t coast of Siberia, where for about a year he had Jieen 
gathering zoological mote rial in connection with u party under 
Copt, John Koran. As his part of the results of tho expedition Mr. 
.■kmory turned over to the National Museum 365 mammalB. 364 bi^ 
and various misoclliineouij specimens principally of plants, ftsh, and 
birds’ cggB, Most of this material was prepared by Mr, Amory him- 
edl though various memberB of the expedition contributed to the 
collections of both tnamnuils and birds. Among the mamniais, about 
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S5 wild spoeies are repraaontcd and are of intere^ for compafin^ 
the Alaskan species with their neared Asiatic relatives. 

^TJ-EI>moX TO ST. TIJOiTAS, OAXISH WEST IX DIES, 

Mr, G. H* Slioemakeri of the division of marine in vertebra tea in 
the Xational Musemn^ spent the tivo months frc»m the middle of 
June to the middle of August^ in the Dunkh West Indies, 
under the auspices of the Carnegie Institution of IVashmgton, D. C*, 
securing collect!ous of corals and other morine invertebrates* This 
expedition has enriched the collections of the Xational l^Iuseuni by 
about 5*000 specimens^ which it is hoped will throw considerable 
light on the correlation of these islands in the West Indum complex. 

The collecting was done in the open water^ bays^ and channels at 
St, Thomas, St* John^ and St. James. The deeper waters were ex¬ 
plored by means of dredging fnrun a motor boat, while native divers* 
working from the heavy West Indian row boats^ were used for 
coUecting in the shallow waters* In addition to this, much shore 
coUecting was done. Owing to the very strong and comitant trails 
wind, work on exposed reefs was in many cases made impo^ihle by 
tbc heavy surf. Collecting in the protected baySf however* was most 
BuccessfuK as a great variety of bottom was to be found in many 
of them. 

WTiile the chief aim of the exj>edition was to secure as complete 
a representation of the coral fauna as possible—and this aim met 
ivith considerable success—fine collections of other marine inverte¬ 
brates were also obtained, including proto^^oa, sponges^ hydroid^ 
mcdiisiCf alcyonarians, anemones, bryozoatia, starfish^ sea urchjiis, holo- 
thurians^ annelids^ criistaceanS| mollusks^ and oscidiam. CuUcclions 
were also made on land whenever opportunities offered, including 
insects, moUuska, reptiles^ and batrachianA, 

CACTUS IKVTSnCATlOXfl IN BRAZIL AND ABUENTTSA, 

Dr* J, X. EobCf associnte in Botany, United States Xatiottiil 
Museum ^at present connected witli the Carnegie Institution of 
Washington in the preparation of a monogrupb of the Cactaceic of 
America)^ accompanied by Mr, Paul G* Husscll, of the United States 
Xadonal Museum, continued the botanical exploration of South 
America during the summer of 1&15, sj>ending o^er five months in 
travel and field work in Brazil and Argentina. 

In addition to the good-sized collections of cactuses, consisting of 
living, herbarium, and formalin specimens, moderately large collec¬ 
tions of insects, ahclISf diatoms* and other natural-history specimens 
wen? obtainedp In uU about B^OOO herbarium specimens were ob¬ 
tained and over 90 cascs^ targe and omalb of living plants were sent 
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bnck\o tbe Unitud StntBS. The Ijvbig collcctui-e isi tieiF ou exhibitiori 
at the New York Botunical Garden. 

BaIiIh, Bmzll, irfts (lie ftnsi p'nce rlflltpil, w-tildi dtj- ei«n«] hr r bnee for 
roElertlDK trips Into (he Interior of the State of Bahia, One of these niw to Hie 
town of Joaselro, located about 301) mlleo Oorth-norttiwest of Ilalilj*, and lylng 
In n typical cactas desert, aldicuijit (bis region is traversed by the large nio 
Sno rrenrlseo, NobrUlistantlliig the fact that thbi stream Ls fall the entire 
year, little or no attempt Is being tnaiJe to use the water for lirttnition iinriMisea. 
Tlio cooiitry Is of that typo kuon-n as “ aitinsa " and resemblcA In u rr-uiarHabli! 
way the deserts of the West Indlcst Indeed. Llio geiteni of plants arc In mnny 
eases the sonhii thoneli the species mo dlstlncL tlnre was seen tlio “ camubn," 
or wtti palm, frota which Is obtained ibe wns utillveil In making records for 
phonographs. Near Jogt^lro Is the Hnrto Florcstal, or "fot*«t ganlen,* n 
GoTemiuent esperbiieut Statlco In charge of Dr. Lw ilehnlniT, who rumlenM) 
great aBRlstonce to tlio smly and coUeetioD of the caetusu of the region. 

After making sliort slopg at mrlous stelions In retornlDg to Bahia, a trip 
was made to Slaclutdo Pwlella. n small town about l“a mllgs west and a mtla 
south of Bahia, the terculnus of a Ilrtla nnirow-gauge railway. This ts nT<ii^ 
a semlarld region am) proted cjcceodlngly Interesting botujUally. The nogt 
shle trip was to Towi iis Oo«i, still tariher south, on the edge of a thick 
tropical farest oml in n roglea much more hotnlil than the northern part of the 
Bittte, 

About Bix weelw were then sjient In bfiaatlfnl Rio ik? Janotio nml vlcinKy. 
Here, even In tlie city Itself, a botnnUt flnds a gnwil deal to Interest lilm, for 
the trees are coTeroil with epiphytic caetum^, mostly of the genus RlilpsalU, 
and within the dty Itself rises the plctutesqiie Corvovado, a thickly wooded 
luomitRln on whose slopes are founil mimy rare ferns mat tree-inliabLllne 
cnctu^ The JanUo Boteolco In this city )s emo of the hnetit In the world. 
Over 300 species of palms from alt ports of the tropics ore here grown in tli« 
open, besides tnotiy other ran* tropical plants, in another scetloa of ihe city 
In a flm." latgo puck coUhI the Quinta Bon Ybitn, l« the Uluseo NoclonaJ, where 
ft noiaher of rare cachtSDa were fniiud lu the berhorlnm. 

Ifroiu Rio de Juwlro iin asrent of Itntliya, the highest moontala In Brtuil 
wan made, and oft the very top, Id.OOO feet aJwre tho s«i. was found ft smiili 
carttia with benmlful lose^loretl lluwws. Bxcttrstens were ftl«o made to 
naho Frio, to nho Grumte, nnd to the Islands In the Buy of Rio ife Janeiro. A 
few (layn were spent tn the Organ Idonntain-A near Pctropolls. thesutnmer bouie 
of the wealthiest elufses of R|i> de Janeiro. Thla range nf taatintnlna merits ft 
mow thorough blologluil ejEploratlou than has been blthertg nudcrtikeu, 

rtrtceedlnj; southward, u day was speot at ^tca. Bruzll, the world's j^efttest 
coffee center. Boeuas Aires was ylalteil u«t. although but little Uffle was Kpem 
In the elty. ftereral visits were made to the floe suburb of La I'lutn. where 
resides Dr. Carlos Bpegaafnl, the leading authority oa Argeiltlne cnctiuea. 

From Buenos Aires n mp was tahon ocposs jirgentltm ta Sleniloxa. a dty 
situated near the foot of the Andes. In a region favorablB to the growtli of ouc- 
eulent plant.s. From there n short eimriiloti wns made to rortrerllloa Arecn- 
tlms. Oft the rattwoy which leads to Yalpanilflo. Chile, linny very tni'crratinj 
plants WTi? fmimJ In both bleLtefi. ^ 

In fbo dry of CordoTs, Argaatlna, nortlmiwt of Airt^ (Jip enctns co!- 

I^km of 1>P+ FrederJd* iCartz vrm fnaiiJ ta pomiUi] rjiri& types; which m 
wry ffubdilti^^J for examJaarioa jiiii] jtvnily, in ihia yJdnltr, fla 

Jn tUi* aelghbuptns tfiwa of CosqiUn, nmny nhctims wore {?i^llGcted oti tlin 
arid peneplalOo 
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POti-cLfiLinixo i>iVT:fiTrcjATTOsa. 

Aided by u grant of $2,000 from tlia Smitlisotiian Institution mid q. 
grout from the Eeseorch Corpomtinn, o committoe of electrical engi¬ 
neering experts, under the general direction of Mr. F. G. Cottrell, 
continued during 1915 the investigations begun at San Fruncisco by 
the University of CaliforniH, in cooperutiou with the United StatM 
Lighthouse f^rvice, relative to the cleiiring of fog by menns of elec¬ 
trical precipitation. In a preliminary report read at the first meet¬ 
ing of tlic committee, Prof. Ryan, of Stanford Umversity, says: 

Science hint VAbiblliilioJ the f*u-t Unit nil tlort nml toj; jitirtlclcia In the open 
atuidSplicrc are dcctrlfled nml tfuhjcct ta illifpc^rsion of precIplLntjoit It U 8 p- 
imreni, thureforc, tbnt a notu'cc <if very high iliroct voItaBe, wIili rnciOtlQs for 
Control auil ntipllcation. uiuy he of Lnestlmithli^ value In eertalii euiirters auij 
nensons for eleurine foRawar frotw n atreoL fmai nlonu n jmnaenjter rallwaj-. from 
urunnJ tlio lamJlttR sui^ of a ferry, or. pofetiblj, nboul or In advanii* of a nbiti 
muter lieadway m sea. 

The clearing of fog differs from the treatment of =inolre und fums 
in scvenil res^^cts, principally in that the smoke particles must be 
actually defyusited on the electrodes to bring about the desired e fleet, 
wher^ in treating fog U is only necessary to cause coiilcseence of 
the minute particles into larger ones to give much greater transpar¬ 
ency, even disregarding the more rapid settling of the larger drops. 
However, other difficulties are to be expected in the problem of 
clearing fog, such na the conditions arising from the cootiniiul 
imni^on in the wet atmosphere. Wkit is chiefly needed for an 
mtelligent conception of the problem is actual Brst-linnJ e.xpeirience 
in hundiing tlie.se and other iinusiia] conJitiona 
The most striking features of the apparatus used in these experi¬ 
ments are the TliordaEson 350,000 to 1,000,000 volt transformera, 
which I saw while visiting the San Fraiicisoo Exposition. 

A great dual was learneil during theT year about the electrical 
t«linique of the. proMem, and although days of suitable fog condi- 
tioii» were 0 .xtremely aenree, on Uie rare occasions of actual trial very 
iwncptihlo clearing for n short di^nnee around the high-tension 
wires was obtained ns the fog swept past. 

IvXPUlEaTlOXS os* ANCIEKT JIAVA CITIES IS QUATESLMJl ASD IlOSnUBAS. 

Through the courtesy of the Carnegie Institution of Washington, 
the Smithsonkn Institution has been enabled to participate in some 
very interesting explorations in C«ntnU America. Prof. W. H. 
Ilolmes, head curator of anthropology in the National Museum, 
gives the following general account of his work in that country: 

Iii FctuTjaiT, ISlOi awlejj tu a aeoeroiu srant uf IuimIb by the Suisilwoiiifla 
luimtuiiiiCfc* Ukc writer had Uio goinl fortnna to 44 omixmIw tlue Cor- 
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liBtfle lurtlktLilflii'H nniJieok'pjdcnl ta Centnil ABjrfertcit uhiIm tli4 Able 

UinfctlLiii iff Sjh'imtia G. MijrSe>\ Tin? wpjrk i>f cxpLorluj; Jitud Attklyliie in UetAll 
the remcirlaihln romnliifl of Uie nAtleni Mtiyan culture wfts vlt^roiiAly airrle4 
forwuriL An eapecLal Db^t of Ihe expeJittoD woa ibc dlsrovery of fiiiUitloaal 
]n£KTf|kUiJXu« eiuboiJylDir glyphk duta^n for U la the date$» now renil wSUi fjieliity, 
whU'lk fumbsL the n1ic]e[oll of Meya Iilstory. 

Aiiiooi; ilie aocIcDt cHjca vlak&il while the writer wiia asaocLited with the 
e^^jcaiiion i.^’ere Aiatiifuo+ the uncleot Hpanlali oipItaL of the klu^doin of 
GithtenuilJi, huJlc oh the site of u jirehlAtork eltj; the exteimlve rulnji of the 
nthdeiiL city of IslhHh:he, near llte alte occupied tcMlnj' by the capItuJ of 
Guuteiualn, Gusitetuulii CLtyt ttie ruiaijd clly of Qolrigiui in eiistem GuntemElu^ 
Ihe subject of much Hdentlttc Interest ilurlu{E recent jears; and the ralna of 
C/opAu* in BLindluraflp perhuiiA iho nkost renaarkuble of all tlio Atnerlean motnu^ 
luentA of uhtlooliy. 

Lspecihl uUciiiGoD wus given by ihe ^Tlter to tbe collectlou of dutu and 
ilmwlngB to be utClxed In pretwiriiLg pcinommlc view's of the several cltlca 
risked, and nwry effort was made to olitnln Infortnutloh cegardliig the tecbnl- 
enl luethoda employod by tim aocleot builders The 4|uuiTles froai which the 
fltoue wiiis obtniiied were ton deeply burled lu iroplctk vegelatlon to yield up 
llielr stPty without esteasire oxcaratlon otid the methods employed Ja drcealD^ 
and carvkig the i^twuo remoln In taruu tairt undetcnnlnoil. C^tnin clUpped und. 
grmiutl atone Implemonta thot could huvo served In dressing ihc stones used In 
building wTT^* found In numlHjrSp bur Uie story of the curving, eapodndy of ihe 
very deep carving of Ihe tnonuments of Coikarip remains unrevenlecL Although 
It Is thought that alum tools niuy have btMm equal to ibu grenl task, U I4 
believed by some that vvlthoui hnohxe the work could not huve tkoeu don& 
There nre, howevurp no irnees of the use of broi^e by the Centrul Amerlcuns. 

Tlse mouuiEkents itro on u ETnnd hchIb and great skill noi] oxcnllent taste aro 
maulfiatt In ilielr embelllehmeut, the whole giving evidence of u state of 
cultitft! adTuiicemoitt unBurpasiseil In any other part of sl^origlual Amerlcm 

ffmrDY or xN'octurnal RAhiATiux. 

Several grants from the HtKigkLiis fund bnye been mnde to Prof* 
Antlers Angi&trom during the past few years to enable him to carry 
on resetirtrbes on the radiation of the atmospherej partieulgrly noc- 
tumal raditttion. The remits of observations made hy him in 
Algeria in 1913 and in Californin in 1913 were embodied in a 
pamphlet published by the Institution In 1015. In this pamphlet he 
E;aniniarises his wort as follows: 

The main retiulta oud ctmclUBions that will be found lik ibis paper ore the 
foUowIng. They relate to the mdlutloii omitted by the otmofFtibere to o rodluL 
lug surfoiTe at a Ipwcr ELlLltude, nnd to the 3 osm of heat of d nurfacie by radlatiuu 
toivnrd apnee Jiiid toward like ntiDC#tk3it^re kit IkJgher nklttkde^ 

1 _ The varlMtloiM of the total temperature mdlotlou of ■cbe atmosphere 
lit low altitudes Ihsu tbaa 4,ikX) m.) prlRclpally cuUsed by Yorlatlood in tem- 
^Hi>rature uml humJdl^^ 

II. The Stital md^atlon received from the Htmosphere is very nearly propor- 
tloual to the fourth power of the tempGroture at the place of observation. 

III. The raellatlon b dependent on the humidity Lu such a way that an lo- 
create in the wafe^Vllpor «eAt«ni of the atmoaphere wUl lucrefide Ita mdlatloiL 
Tbe ilcpendt'ncfl of the rudMUau on the water content bus been exprewd by 
an expooeiitiil law. 
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IW Ati Increase Jn tlie viiitiir-vniior t>r«sur<? wliU a ilccreas^^ In th*? 

eff(?CUl‘^? niiUutlcm Ctt>iii tlw? eartli to evsty tMjiat of tlio sky. Tltc rrfiFt[i.?iuil 
ilccrenst! \e iimt-li laWT for lurse Koiillh angJia^ ihaXt for sumU oiu^i. 

V. Tho tutiil niiJLutluti ivhUih wiiuliJ iie rocelvod from a iwrfoctly itry istmoB- 

C&1 

pbfl«i would Ijo nbutil willi n li-mpenituK! c( 20* C, *l ibe placo of 

ohBorvat loji, 

TL Th^ raU^utJoli of ujij>or» dry uuuofiidmre would bo about por iwnt 
of Osiit of a black Iwjdy at tlw? tt'diiioni tun? of tbe place of obAun'ulkiU. 

VIL nit?rc \E DO ovlitcRCo of tiiflii™ or mlulma of atmoerpnerle roillfLilon dur¬ 
ing the ttlabt that can not be evplnlnotl by the Lnlltic-noe u£ temp^r^itiire luirE 
bmuJdUy condltloce. 

VOL Tbeto are ludlcntiona that tlicr mdlatlDu durtni;; the daytime la 
to tlje snn^e tbut hold for the mdlntlon ilurln^E tJie nl^ttlme^ 

IX* An JnereaAe in ultltuae causes a decreihte or an incrouac Ln Uie vaiyo of 
the effective mmatlan of a tdackened body tu'^vard tho Bky% deiiCDdoat upon the 
value of the terntwratun? Efadlent and of the hmaldity pradlent of the atmoa- 
pilurn. At about 3.000 meters alUtUile of the radluUng body die effective rodia- 
don geaerally ha* a maximum. An increase of thu hmnidliy or a decrease of 
the temperature i-rodlent of the iitaiosphere tend* to Bhlft ihl* mailmmu to 
Itlgihar aliltudcft . 

X. The effect of douda ITvery vartablo. I^w aod douse clond hnoka cut 
down die oatisoJut,' effeeUve raiilntlon of a bbicUeaed surface to about 0.015 
calorie per chl* per minute^ in tlie case of high aud thia domls the radladon is 
reduced by only 10 to 30 per cent. 

XI. Tbo effect of haz» nijon dM> effective rudincloa to the sky Is almost In- 
appreciable when no clouils op real foR are fumii.Nl Observatlotm Jn Ali^eria 
In 1013 and la California to 1013 ^how that the gretit utmos^dierEe disturbance 
caused by dieerut^tlou of itount Katmal Ln Aluskn. In tbo formor year, mn only 
have roduwd the noctumitt radiation by leas Umn 3.0 lair cent, 

xn. CoiKdaslonii are drawn In regard to the radiation ffom largo water sur- 
faces, and the probability la Intllcaled that tbi* mdJatJon is alnaoKt coneianL at 
different teuipemtures, imd ccinNer^uentiy In different latitudps also. 

^Vnother grant was nmdts t<i Prof. An^rom in October^ 1915. for a 
study of nootiiriiul radiation in the fur north during the long 
Arctic night Cooceming this study he wrote to tha Tnstitation on 
February 16^ 1^16, ns follows: 

TlLTDugh tins grant I bavc lieen able to make otKserva tlimN uii noctunmt 
radiation dnrJug tlie Aivttc night In the uurth of Swenlen, at a place buiiica 
Afalsko^ at abont flS" latitude. Ttte observations were esttemled iluribK 
about n tnouth (JotL l-2e| nml were ehtalaenl under various otmoNtihePlc coii' 
didoiLS^ One night obscrvatltnis were taken at a tmipenitiLre of —30’ €. 
(—20* F.), wdien consequently the absolute btimidity must iiave been very low. 
In Eenerni, ohservatians wjnflfm ttie views eipresscsl la my paperIn 

refjiLrd to the in^ueiice of temperatuPe and humidity upon the noetumal radia¬ 
tion and Oie radlutloti of the atmosphere. 

lu canncctlon with the nameil measurements obser^utlooN w£tq alau mmk* on 
the cooling of stiow surface* under the temperatare of the surrounding air aa a 
conaoqtlence of nocturnal rndLallDOL Ai was to Iw expected, a llfiear rehitiuu 
WBS faund to oslwt betweoa tbo radiation and the nametl temperature difference. 


1 SmithKiniaii Hl#c. OoU.* Vat S3, No. S, IblO. 





1(J JUCJfUAL ilEFOBt 6MTTHS0SIAN lySfTmjTION. IPlfl. 

I liopo In thp near fumiw to got un opp&rtuiilty to salentl tliea# liin»rtnnl 
rit]«e«Tnt1rin!i on tho conn^ctloR oilirtlnf brtwoen nillatUm luitl th« «oulliig of 
TOrtou* mstorinld fvfFtInjt on Tbe earth*# mirfaw, qaestioa Is ime of 
ffClecLiflc y>r&M nfl of pTdcttcul agrlnJltural Interesstr 

HAUBtlLAN TttCST rCTTQ. 

Dr. Hflrt MturriMn, rcscarck associsxte of the aided 

by the int'orac of a trust fund established for the purpose by Mrs. 
£ H- Harritnaii, has continued his zoological investigations^ par¬ 
ticularly the study of tho big bears of Sorth Americn. 

RESEAftCH COBPORATION. 


Tlic Hijsoarch Corporation tv as established in 1912 under the Xew 
York State laws with the Secretary of the Smitlisouian Institution 
os one of tlte directors and n member of the osecutiro committee. 
The primary object of die organization was to develop certain pat¬ 
ents described in previous reports whith had been offered to the 
Institution by Dr. F. G. Cottrell but which could not be administered 
directly by the Institution, Other inventions nnd patents have anoc 
been acquired by the corporation, and through royalties from the 
installution and utilization of these patents a eunsidorable fund has 
been created and the ineumo therefrom will be devoted to the ad¬ 
vancement of technical and scientiffc investigation and experimenta¬ 
tion through the agency of the fimithsoninti Institution and such 
other scientUie and educational institutions and societies as may i>e 
selected by the directors. 

The Cottrell patents relate to the precipitation of dust, smoke, 
and chcmii'ul fumes by the use of electrical currents. .Successful 
commercial installatious have already been made on the following 
fumes; 

(o) Silver fiimea from elwtrolytic slimes of copper refinery; (b) 
tin fumes from detinning process residues; (c) hydrochloric acid 
fumes from cleaning vats in electrogalvanizing plant; ((f) tin and 
zinc fnmes from waste metal recovery plant; (e) “low bleach" from 
electrolytic plant; (/) sulphuric acid mist from contact acid plant; 
{g) lead funnss from copper converters; (A) fumes from roasting of 
zinc ores; and (i) dust from buBrng wheels and from madtines for 
powdering slater 

NATIONAL ItESEAnCH OOUNCrL. 

At its annual meeting in Wiishiiigton in April, 1916, the ^fsttonal 
Academy of .Sciences voted unanimouBly to offer ite services to tlic 
President of the United States in the interest of national prepared¬ 
ness, and it was suggested that the academy “mi^t advantageoiudy 
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organic the scieDtific iri^iirceg of oducational and research instUu- 
thim Ln the inteiie^ of fiational security and Tlie Pi-esident 

accepted the offer md requested the aoadmy to proceed Tilth the 
organissatioD. An organiairtg coinmittee waii accordingly appuiuted, 
and on June 19 the conncU of the aciidcmy} actUig upon riecoinuienda- 
tions of that commlttcei voted— 

Thai Uiere be tonasil n National llgseareli CouacU whose juiriiwe slinll be le 
brli!kg Into cooperuUao nxMln^: ^vcmmcntal, ediicutlonjib InduatrlaL anil tithei' 
ori^iuilKaUoiia with the obJecE eacaaraeiiiff the InTeatii^ation of 
tiatural phciramotLii^ tJso Incrmsetl ttfle of jiclciillllc nscnrch In Uie tlevelD|]ineet 
ut Amcrlciin ItulUrilrJos, the cmplo) tueat vt sseleiitUlc ajcthods fn fitreaaElienJn^ 
th^ nntlnnal cleftisHe, and such other upoUcatlonB of sclento na will promoCe the 
uatlonEtl tsecat-iti:' aatj welfBr& 

Tlant the cooncU bo composed of leadUiir Atatrlcaa iDTratlj^nlnrs behI oogloeere, 
re|ire.^eulJn^ the Armyt Sary, Bmithiammii InaUtntioa anti varlnus ftrlcntlfte 
UiimiUB of tho Oo^'erament; etlafntJonul liL^utatlons aad reaenreh endowTaODte; 
and Lho reaeurell dlvUlana of locluiimill aoU aiaoufactm-lJiK edtablL^hments. 

After the close of the fiscal year the National Research Council 
was ftslly organhiedj the President of the United States appointiug 
the repreifentatjv-es of the Government and authorizing the appoint- 
ment of other members by the presidont of Lho National Academy of 
Sciences. 

r^TYicE&s Atm KStrccTTVE coMJirrrEE. 

nailnann, Ocorfc E. Hniei vice cUElnnen, Charles D. Wrtlcott wad Gaao 
Omn ; eecretary. Cary T. HutcMwa; «secnth'e camlnlttel^ Jolin J. Ottrty 
febalrtniui). WUlfaru H, Welch (ei Ocoripe K Ilalc (es offido), Edwin 

G, C%>ilklltiH Gana Ihinu, Arthur A. Noj-esi Rjiyiodvrl Pearh AUchael L t^pln, 
S. W. SLmtton, V. C. Tnnglmn (otIri?r& to be wppolisted). 

UTEMi ncEJ or ^ATia^JX BEffEAKCll Ci>TrfCCTIx. 

Dr. L, H. Bpokeljaiid* YonkioT^^ N. Y. 

Dr. Mnmi^n T. Bi»Ecrt. of orinuilc chccil-slry, Columbia rnlversltr. 

Dr. John A, HmsliGar, AlleKhmyt Pa. 

Dr. John J. Cart>\ chief eaKi»t®rp Amertcim TelerjboDt& Jk Tolesraph Co- 
Dr. Huanielt H* GMttendeiit illrector, ShdEvlil Sclontlflc School, Yalo Uu^ 
Tefflity. 

Dr. Eiilwlti Q. Onhllii. pn>f««or nf Eootogj, Frincetnn UulTorflltr* 

Dr. John M, CobJler. profeBsor at botany. UnJvDrfllty of CMcagOi 
Brl^dler Cutudml WlUlam Croasler* Chief of Ordnaiit,‘i?, D, a Army. 

Mr. Gnno Dumu presiitent This J. Q. White Englncerlnc Corpomtlon. 

Dr. ^Imoii Plainer, director, JltM’kefeller Me<Heal InKtltata 

Mnjor General WilUnan Cmwfonl Stirg^ijn rTtmoruh C. S. Army. 

Dr. W, F, M. Goss, denn t*t enplneej-tnii, CnlTefslty of HUiw^i. 

Dr, i:^rge E Rale. iSIrcclor. Mount Wlbwn Solar Obwcrvolory. 

Mr. CtocHMia aerschrl, prtffildect Amerkiin Society of Civil Kndueem, 

Prof. Will lam H. Holmesi, heiid curator of anlbrop(Jof!ry. United Stat<w Na- 
tlnnnl MuBeum. 

Dr. W. W. Keen- presldciii Auwrldaa PhUusephlciil Sodetj- 
lilr. Van H. Jilajiuiiu^ Director S- Burenu of Clines, 

Prof. Charles F* llanlji+ Chief United Statra Wealher Bureau. 
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Prof. A, A. MkhiMooti. director, B.7orson Physical iMhoraiun* Unl^ersliT of 
ChlcflKO. 

Dr. Robert A, ifSlUhuo, profe??3sor of physics, UnlTersIb" of ChlCttRtj. 

Dr. Arthiir A, ^■cy^2s, director^ rcisearch labriratiif^' of phj'^iliM!! rfnimSstry* 
Ma5sac1iD!M?tts ItwtJlyte ot Toctmolo^^- 

Dfp Rajinond PenrL director, ]ila1iie A^cbltHral KsperimPTit SUillon^ 

Frot E, G. PltkerSog; director, Han'nrd CflU^ Otkscrvfllory. 

Dr, Michael L Pupla, profcissor of clectro-inechoiiics, Coluiaihln Unliorslty. 

Mr* Charles F. Raod, pri^Ident UidtoJ Enjjiacetin^ Sociofy, 

Prof. Theodore \V. Ukhiajnda lUnseter of the Wolcoti Memoiinl LulHinL- 

tory, Bor^-ard Tlnlveralty. 

Mr. C, EL i?telniH!r. dlrectorp rcscnrcti InlKunitory, WOPflnchOiise Electric A 
MaauPicttirliie Ox 

IJciiti'inrint Colonel George O. SquEcr, Chief of ATlatlon, tT. S. Army,. 

frr. S. W, f^lrattoELp Dlrectfir U. R. Boren u of StnndEinls. 

Mr, Aiuhrofte Swascy, ClcTrelaiid. Ohio. 

Ri^r Admlrol David W. Taylor, Chief Constructor C, K. Nnvy,. 

Dr- Elthii Thomsen, Sivntnpscott. Muks. 

l>r, C. Rr Van Hloe, prwIdHht of the Amerlcitn Ast^wclatloil for the AdvDiice' 
moot of Bcience. 

Dr, Victor Cljirence Vanghoiip director^ medical rewfirch lationitory, tTtli- 
versity of Mlchlgnn. 

Dr. Churlea D. Walcott^ Secretary of the ^mlthsonlnli Itistltntlfm. 

Dr. T\1IHaiD H. 1Voldi+ president of the Nationdl AaidCn^y of SdenecA 

Dr, W. ’VVhltneyf lUrector of the resenreh loborutoyy* Gciicrcil Electric COk 

The? council will be gmtlunll)' enlarged by the nddUion of new 
tneifiberB who are to serve as chuirJiien of iinportacit committees or 
who are otherwise to engage in some special work^ 

To carry out the work of the council committee* are being ap* 
pointed^ including (a) committee on rules and procedure; {6) com¬ 
mittee on publication: (e) committco on re^arch m educational 
institutions to consider general plans for the promcliori of research 
in educntioiinl institutions and to arrange for local committees in 
each institution; (^f) committee on promotion of industrial rescarcli 
with functions in the field somewhat similar to those of the preceding 
committee; (e) committee on a national census of research to pre¬ 
pare a nalional census of equipment for research^ of the men eugaged 
in it, and of lines of inve^igatlon imrsned in cooperating Govem- 
mooi bureaus, educational lusti tut ions, research foundations, and in¬ 
dustrial rematch laboratories. It has abo been decided to form joint 
committees in various branches of science in cooperation with the 
corresponding national scientific Si>cict1es, 

THE EANGt.EV AEHODYxVAMICAL l^VBOIUTt>HY. 

In idew of the organization of the I^ationnl Advisory Committee 
for Aeronautics^ provided for by act of Congr^ approved March 
3, 1^115, it has appeared unueeessat^' at present to proceed further 
toward the permanent establishment of the proposed Lrmgley kbora- 
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tory. As secrstBiy of the Smithsoiuan Institiltioii, I ^os appointed 
s member of the yntional Advisory Committee nml elected chaiirnsn 
of its executive committee, nnd in this eonnection 1 have been nble 
to cooperate toward the solution of many important pi-oblems per¬ 
taining to the science and art of aviation. One of the chief advan¬ 
tages already being realized by the estabiishment of the advisory 
committee is u closer cooperation between Iho .iVrmy ond Xavy and 
other Federal departments and coordination of work in the general 
advancement of sviation. The Institution published during the year 
two pamphlets on neronautics, one, a series of reports on wind 
tunnel esperimonts, and the other on “Dynamical stability of aero¬ 
planes,” both of them by J. C. Uunsaker and associates. 

rUBLiCATiorcs. 

The publications of the Instittition proper include three series: 
Smithsonian Contributions to Knowledge; Smithsonian Miscellan¬ 
eous Collections; and Smithsonian Annual Hcports. Under the di¬ 
rection of the Institution there arc also issued the xVnnual Keports, 
Proceedings, and Bulletins of the TTnited States National Museum, 
including the Contributions from the National Uerbariutn; Annual 
Beports and Bulletins of the Bureau of Amcricuti Etlinology; and 
the Annals of the ^Vstrophysical Observatory. All of these series 
esrept the “Contributions” and “Colloctions” am printed tlirough 
annual Congressional aUctments^ In all of these series there was pub¬ 
lished during the year a total of &,4h8 pages and 653 phi tea of lllua- 
trationa. 

Smithaomai^ Cointribittions to A'nowicrfye.—This series is intended 
to show results of original research constituting important contribu¬ 
tions to knowledge. One memoir of the series wos in press at the 
close of the year giving the results*©! an extended study on the com¬ 
parative histology of the femur- 

Svi^hsonian MitceUa'neoii* VcHtctions. —Twenty-two papers, 
forming parts of five volumes of this series, were issued, among them 
three papers ou Cumbrian geology by your secretary. In this series 
the annual exploration pamphlet was issued, giving brief accounts 
of the explorations and field work of the Institution in geology, 
biolc^, and anthropology, covering every continent on the globe, 
and illustrated by 141 photographs taken in the fiekl by the scien¬ 
tists themselves. The Smitlisonian Physical Tables, which together 
with the Mathematical and Geographicaj Tables have become stand¬ 
ard works of reference in educutioiuil and research institutions, are 
publi^ed in thb series. The sixth revised edition of the Phi-aical 
Tables, Issued during the preceding year, was quickly csliaiistcd, 
making it necessary to print additionBl ropiea. Still another edition 
is now in press, indicating the constant demand for this work. 
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Smith$ordan report —^I'he complete vdliunc of the 1014 report was 
received from the printer and distributed at the beginning of the 
year. Material for the 1015 ret>ort was ^nt to press in December^ 
and was completed just before the fiscal year dosed. In the general 
appendix are 2^ piipcrs showing recent progre^is in various branches 
of lienee, induding *"Thc ntiliaation of solar energj',’^ '"Evidences 
of primitive life/- by your $ecrotiiry, “ Heredity/' Linguistic areas 
in Enrnpe/^ and “ Recent developments m telephony and telegToph^".'” 
The cuijtoui of printing special editions in pamphlet form of papers 
iq the genenil appendbe has proved qf great advanifige; in several 
cases there haa been a demand for a very large number of copiesj 
whb'h wft$ ct^pcciiiUy noticeable in connection with ap article on ^ Tlie 
value of binb to man” in tbe 1013 report. 

fmllkatu>ns -—Opinion C7 of the Opinions of tbe Inter- 
nEitional Comroissdon on ZiMjlogical Xomendaturo w®s iestied as a 
apecial piibUcation. A special paper by Chester G. Gilbert of the 
National Miistnm, on ^ Sources of nitrogen coiiipounds in the United 
States” attnicted considerable attention. Among other eondusioTis, 
lie states: 

TliP evalatloa of a pmctlcable process for the oxmaUon of liy^prodaet 
unmioala to remler prv??ent resources avnllablc, with the development of aa 
aimcispJicfie nltroeea floitloifi output by the Cyanamlde pracesa tBn^rulljf timed 
t 9 meet mowing demeintlti foUowlas a reduction In die retnll price of nitro* 
h^onouTv wuuJd to be the deaLrahle pivcruia^tAl pmwdaro m 

K-lni: the ohe Ujast liable to di5Ui#ftroufl cons^fiuencea. 

A'aticm^t pubUarti&n ^,—The N^ational l^kfiiseiim issued nn 

annual reportj 2 volumes of tlie procc^ings, 52 separate papers fortn- 
itig parts of these and other volumes^ and 4 bulletins^ 

Bureau af P7tknaloff^ publicati^-i .—The Bureau of ^Vincricaji 
Ethnology published 2 annual reports^ separaios of 4 accompanying 
papers in these reports, and 2 bulletins. 

Bep&rt^ of Ahtorieai and pairiotus —Tlie anuustt reports 

of the American llbstorical Associntion and the Xatiomil Society of 
the Daughters of Uie American Revolution were submitted to the 
In^tulion and comiiiimicalcd to Congress in accordance with the 
rlmrtcrs of Llii?se organ Lzntioos. 

Allotmeni* far printing .—Moat of the allotment to the In^itdtion 
and its branches for printing was used during the year, though it 
was ini prill cticnblc to complete a lorg^ wnounl of material in presa 
ht the close of tbe year in tbe Kational Atuseum and Bureau of 
Aiiiurican Ethtiolog 3 - series. 

The allutments for tbe year ending dune 3D, IdlT, are as follows: 

For tbc SmIthwonlAii lofftltutloo: For prlutlog and bUaltti^ tbt? annunJ 
rL-parB of tiie Board of ttuspnts^ with g?&iicriil app«>mlk^ tbo kU- 
tSoufl of which ftiiaU cot VKcced 10/300 cupl^- . . . —__ 
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For Ui& nnnuttl rGfHirtsi of tlic Mn^teom. wUh ^rL€rBl ups^n- 

und for prlDtEnE^ Inljcld uod blntik^. And far tlie Bulletins and 
Proocedlnffs of tJae XaHoiiAl Muefuju, the edltloDS of ttIlEcIi ahull not 
4,ODD copies, tmd binding, lit haJf morttcco or inAtcrIal Eiot thotc 
o^poiuriro. aclGnllftt hooka, nntl pfiiDphlwlB prpsonlcd to ot nciinlred 

bj tlw? iJ^Atbiml ^tuatiuio llhrary^ - -—--— $07, RdD 

For tho aoDuoI r^rp and Bulletliis of the Bureau of Ajuerlcon Etl> 

uolo^y and for uda^^lloneou^i printing ajkI hlmUnt^ fur the bureau^_ ^.AOiJ 

For miftCG-IIancous prlntlu;; nnd blnrllnt;: 

luicrnntlonAl Exebaufe^--.,^ —- -- - - 300 

IntcruAtlonnl CntiLlo^pjo of SrtentHlc __ KX) 

Ntttlouol ZonlojiloAl PArk __—_______ 3d0 

AstrophsT^lcol ObSGrvatqO'—_—^_ ____ StW 

For the annual report of the Anierlam Historical AjwcEutluti -- i, OtW 


TOmL.--- ---—____70,200 


C^mmlUee printinf^ and puili^aii&iv .—All mnnuBcript^ subtiiit- 
tcei fur publiciitian by the IiL^itution or its branches bnve^ oa utiuul, 
beeu referred to the Smithsobiaa advisory committee on printing and 
publication. During the year 13 meetingB were held and 96 manu¬ 
scripts Gxan^ined and passed upon. The personnel of the committee 
wa^ as follows: Dr. Leonhard Stejnegor, head curator of biology, 
Xational Museum, acting chainnnu; Dr. C. G. Abbot, director of the 
AstrophyeicaJ Observatory; Dr. Frank Baker, superintendent of the 
Xatiojxnl Zoological Park; Mr. A. Howard Clark, editor of the Smith- 
soniaii Institution, secretary of the committee; Mr. F. W. Hodge, 
ethnologist in charge of the Bureau of Americati cthncilogy; and 
Dr, Georgn P. Merrill, head curator of geology, United Statojs 
Xational htugemiip 

LiBiunv. 

The aceumuJation of a Bcicntific library has always been an im¬ 
portant phase of the Inutituticn’s work in the “ incrco^ and diffusion 
of knowledge^ and the collection has increased in atjse from rear to 
year until at present it numbers well over half a million titles. Tho 
accessions of the year aggregated about 19,000 books and pamphIctsL 

The main Smithsonian library is a^mblcd in the Library of Cozi' 
gross and is known os the Smithsonian deposit In addition the 
Institution maintaina the Smidisonian office library, the National 
jMuseum library, the library of the Bureau of American Ethnology, 
the Astrophyaical Observatory library* and the National ZDologictil 
Park library, besides some 35 special bed sectional libraries main¬ 
tained in various ofEces for the use of the scientific staff of the Insti¬ 
tution and its branches- The Smithsonian office library contains a 
collection of books relating to art,the employees" library, and an exten¬ 
sive aeronautical library. This coUeciioti of aeronautical works has 
been notably increased by additionol gifts from Dr* Alexander 
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Grab am Bell, consiKting of 33 books and 37 portfolios of periodicals, 
and by a number of raferance works from th© Dbraiy of ifnjor 
Baden^Powcll, 

Tlie XHliotial Museum library received 4,840 accessions, among 
them 207 titles contributed by Dr, William Healey DaU to bis col¬ 
lection of works relating to moUusks; and tlie scientific library of 
Dr. Theodore Nicholas Gill, numbering about 3,000 volumes, pre¬ 
sented to the Institution by his brother, ^fr. Herbert A, Gill, which 
is n valuable addition to the natural history series, especially in 
ichtbyology, 

1XTRBXA.TIOXAL COSGBESSlS ANB EXPOSinO^iS. 

SSCOND AArCRlCAX' SnEJmPIC COXOB^S, 

The Second Pan Americitn Scientific Congress, which held its ses- 
fdons in Washington from December 27, 1015, to Januaiy 8, 1910, 
was the fifth of a series of scientific congresses, the first three of 
which included only tiic Latin American countries. At the first 
strictly Pan American Congrci^ held in Pern in 1008, in which the 
tTnited States was in vited to participate, it was unanimously voted 
to hold the next meeting in Washington. The congress held its 
inangiiral session at 10 a. m., December 37, at Memorial Continental 
Hall, and busiiieifig sessions and social alTairs were arranged for every 
day thereafter until JanunTy 8. The following are tlie sections into 
which the congress was divided; 

t, Aii[lin>pol(>Kj% 

IT. AK4raD4Hii>v ntlil 

III. Qrtwn-jiUiin of Xatoml Ufsounm Agriculture, Irelpitkii. aod Forestry,. 

jy. E^tucntlon. 

Y. EnitlnrerUiE^r 

VI, IniertiiUlcFniil l 4 iWa l^liHc l^w, and JuriittnifleDco. 

ni. Mmsnif acil MctaUurisj^. HicctKniilc Grolosr* nuil Appllijul Ctiomtstrir. 

YUl. FoltUc uDiI Mutllcnl SL-lcnw. 

IX. TfAUKiTOFLaijoii^ CcioinesYe, Flnanw, nud tFMention. 

At the meetings of tli«K sections a great number of papers of 
scientific and economic importance were read. 

The Institution proper was represented in the congress bv vour 
secraUry and Prof, W. H, Holmes, head curator of anthm^iogy 
United States National Museum, as dekgatcsL Of the branches of 
tlie Institution, the Bureau of .ijnerican Ethnology was represented 
by the ethnologist in charge, Mr. F. W. Hodge, and Dr. J. W. 
Fewkes. delegates j and the Astrophysical Observatory by Dr. C. G. 
Ablmt, delegate, and Mr. F. E. Fowle, alternate. A* reception was 
held for the Ladn Ameriesn delegntea by the Board of Begents and 
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the lyf thu Institution lii the new bnikling of the 

Aluscom on the evening of December 20* 

Til is highJj snccesrfni and import unt oongreas was attended hy 
upproximstely lOO official delegates from the 21 American Kepublies. 
and fiO by special inritation^ or representing societies or universities. 
The United States was nspresented by approximatety lj(500 unofficml 
delegates or members. 

JS INJCTEESTir tJilTlR STATIONAl- CDNORES,^ OF A XCT,HlC*\ N l™. 

The Xinetoenth International Congress of Americanists^ which 
was to have been held at Washington on the invitalimi of the Smith¬ 
sonian InFiitnticn in October^ lD14j was postponed on account of 
the war in Enrope until a more favorable time for an international 
gathering. Wlien it became ev'ident that a fully attended meeting 
would bo out of the question in the near it was decided to 

hold the congress in affiliation with the section of anthrojMilogY of 
the Second Pan American Scientific Congress and jointly with the 
American ^Uithropologieal dissociation^ the American Folk-Lore 
Society^ Uto American Historical Association ^ anti the ArchiiCKdogi- 
cwl Institute of America, In consequence the date of tJie iiiecting 
w^as definitely fised for December 37-^1 1 
ifr, John Foster, eX'Secretfliy of State, former minister to 
Me.xico and Hu^ia, ex^president of the Washington Society of the 
Archaeological Institute, etc,, sensed os president of the eongrt^ 
The honorary presidents were the Secretary of the Smithsonian In¬ 
stitution; Mr, Cla^nce li* Moore, of Philodeiphia; atid Prof. 
William H, Holmes, of the National Museum- Mr^ Clarence F, 
Norment, of Washington* served as treasurer, and Dr. Ale5 Hrdlieka, 
of the National Alusenm, as seeretarj of the Congress. Tlierc was 
a long list of honorary vice prs^'iidents, a general fhonorary) com- 
mitlco* iTSSOciuto foreign secretaricsj and an orgmijislng committee 
(with the Secretary of tlie Smithsonian Institution as chairman). 

Official representatives of foreign Governments were in attendance 
from Auetriai Chile, Cuba, Germany, Great Britain, Greeaj, Guate¬ 
mala, Nicaragua, Feni* Russia, Sweden, and Uruguay^ and about 
lOO official deJegateB from various learned societies and universltiqs 
in the United States and foreign countries. 

The headquartery of the congi'ess were at the National Museum, 
utid most of the sessions were held there. 

NgqtIv 100 papers relating to the study of sotnatology* aitrlie* 
ology* etJmologj', folklore, history, and linguistics were read at the 
^^lons of the congress, among them papers by several member^ of 
the staff of the Bureau of jVmericmi Ethnologj' and of the National 
Museum^ 
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rA?fAMA>i-ACJyiC IS-miNATlOKAL |iXl*Oi^lTIO^^ 

Only ft very maU uliotHn+nt was allowed the Smiiltsoman Institu¬ 
tion and its branches from the congreijsdoiafll appropriation for Gov- 
ernmeni eshibits fit Sm Francisco in 1915. It was poss^ible, how- 
evor^ to make a small display showing in a general way the scope and 
activities of the Institution^ and an etiinological exhibit iUuBtrating 
the chanicleristics and culture status of typical primitive peoples. 
Tlio exhibits w ere located in the Liberal Arts Palace^ covering a floor 
space of about tl,000 square feet* 

The exhibit of the Institution proper consisted of a series of photo¬ 
graphs of its founder, James Smithson, the four secretaries, pictures 
of the btiildtng and departuietits, and a complete set of its publicu- 
tioni?* There was also displf^J^l cioct reproduction of the 
Ijaoglcj exj>erimental steam flying machine which performed the 
epoch-making flights over the Potomac Kiver, May 6, 1S9S, together 
with photographs taken at the time. Lungley'a success as a pioneer 
in aviation was contmemorated on the Coltiinn of Progress at the 
exposition (pi-1) by a tablet with the following inscription; 

To CffluniGniorate Bclf-in'e'ts of nvliitteii to tlie world thrau|;h Suiuuel Mor- 
imiit 1j 3 Hitler, na Amerkna. 

The principal exhibit by the National Museum dealt with eth¬ 
nology, nr the mentific study of th*^ races of men, their origin, distri¬ 
bution, relations, and culture. It included four family lay-figure 
gr^jiJps, the Eskimo i^f AIssIea, tlic Djak of the East Indies, the 
Zulu-Kalhr of South Africa, and the Carih of South .rVmerica: also 
VIHuge groups in mrmature illustrating the bouaes and bougie life of 
variems peoples, together with cases of specimens relating to the 
primitive arts and mdustries- 

The remaining departments or branches of the Institution, includ¬ 
ing the iDtcmatlODal Exchange Secviise, the Bureau of American 
Etlinology, the Astropliysical ObEcnatory, the Zoological Park^ the 
Hodgkins fund, the Aerodynamical l-jilKiratory’^, and the Regional 
Bureau of the Intemfitional Catakiguc of Scientific Literature, were 
represented by charts, photographs, nmpSy instruments, and publi- 
t*atioiis illustrative of their various functions 

Mn W, do C Ravcnel, adminiMrative a^istant of the United 
States National Museum and secretary to the exposition board, acted 
as the representative of the Smithsonian Institution and its branches, 
with the os^astance of Dn Walter flou^, curator of cthnologii", 
United States Natiounl Museum. 

Tfifl exhibits were enumerated in detail in a descriptive catalogue 
of 120 pjigesw 
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Tlifl fiimJly groEpifl iliuEtrated the most eilMriiTe museum method 
of presenting ethnological mateHal- Tlio catulogue descrilK>s the 
groups KH follow^: 

Tlie Eelcima family gimp coiuprLBf}^ seveii llfe-slzo vlful in tlie native 

cofitume^ and celoretl n«»rcJlnff to life, eo^^ged In tlio u^ual voentlotid 

mui At the left a. wemnn Is coatLng meiit in a t^rltnUlve i»oUery 

anil nnoUii;^ wonma I4 putting dried Bsli In the sterehuiiRe- In the l>Aek- 
^utLit a CLian with a ^liiew-baekeil bow is wutchLeg n yautli practicing with ttle 
■ling, Ort tlie Hghl anothdr mnu Is seated on tJio ground curving n wooden 
difili witli a cnrvoit knife* and two llttto girls are playing with tlieir niulvt^ toyst 
The structure In ilie hack of ihe clum! Ls 11 repr^ijOntatlou uf the storehouse 
coin moldy m&eil hy the western Eshiiun, The ihvelling itroup? show the houses 
to he ilotno-tihiiped, made of eartli plliNj over a ta^hwork of timbers erecEtal In 
an exmvatlon In the grounii In thu siumnur a passitg^wuy slv*^ entrance, hut 
Ja the winief u tunnel is built- A lieanh on which the li^otile gilcep run.-? a round 
thp wall on the inside of the house- The coahJng within the d^'elllng Is done 
In a potters' vessel suspended ovor a lamp. 

The gfonp representing the Ztilu-Knfflr and Bantu tHheek which live In the 
seniltiJ-kl southern extremity of the African continent depieu the nutlvos as 
physically atrong ctud energetic and not f=i> dark ns tlio true negro. This rart^ is 
eu port 01* in military and oocinl orgnnkatloTis and compares favorably la the 
arts und indtiiatrk^ with other Afrirtin ramllleis. The group shows a sectlun of 
a house with a ilftorway^ n tlrcplnce on which n womao Is coohiug mush, i± 
wptnun dipping licer from n large poiteir Jar, 11 woman ftoni tlie field with n 
hoc, n wnter carrier with n Jar on her head, a man playing a murEnibn or 
xylophone,, and a hoy driving a goat. The nutlv^^ iiru mprei^titet! m ihey 
eiiatod some years agOH before they were airec?tod by ccaiurl with the whtt^ 
man. Other coses Lnelado models of tlie native ^ifrlean dwclltngH 11 ud examples 
of the handiwork of these people, an Interesting feature of wldeh Is the primt- 
tlve Ironwork In which nmny African trLhcis were Idghly akltleil. 

The next gremp takes the exponldDn vLsltor from Afrleu acroBS the AUantk- 
to nortliem South America, where d%velis the Qirlti In LUo forested tropIinL 
Interior of BritlEh Guiana. Borne of the tribes of this great race have only 
recently visited hy white men. Uere Is to he seen n Cnrlh warrior with 
his hlow-gun, u woiiiaii and a clilld squeessliig ou^ava In a primitive 
press, another woman decorating n tree gourd with dianicterlstlc lntcrlockh).g 
dtsigns. and a child playing w 1 ih a parryt A hiuiimoek Hwung hetw'oen two 

house poata repreaentn the form of \kh 1 Ip general use In undent ns w^ll as 
tuoilerh I#atln Amcrlm. Amuiig the artEdw nmnufnctnred hy tlloae nntlYCfl 
examples oT ccremoalal ohjecls iimi urtitins of peraonnl iiili»mtuent are ex* 
hlbited, tndudlug Ueaddn^Nc^ eurrttiiii^iV Udta, arm buiiils, ueddaces^ and capes. 

A fourth family group reiJfesirhts Ihe Dyaks of the Islaml of Borneo. They 
are expert hou.?e and hunt hiiUdera and skilled In the use of the hlowgua 
Rice, sago* tropical fruits^ monkeyB, wild pigs, and otlipr gptne^ yield them 
subslBletiuei The men are wiirUhc, and are stHI, to some extent, hcnd-himters, 
their weapons liclng if|tetiria, shurt sivorditt unJ hlow^giiiis with polsoQ-UpIxn! 
Elnrta. The Dyak fondly group Is represented on ilia porch of u couimumil 
bouse, carrying on various oecupotlousL A w'oman Is poutiillog rice in a woixlon 
miKrtar. while nnother Is represented us bringing In n basket of rice on hi-r 
hoelr^ 0 third Is making o busket, u man arriK^I w'lth a hnyoneted blowgun is 
approaching with a frt^dy killed monkey, niid tw'o dilldren ore shown playing 
cat's enuUc, n popular ntiUve game. 
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Tli« lURseUiii ^siliiblta* also included u series of oUjects illustrutm^ 
the development of eix kinds of implements anil uppUanees of tlio 
ai-tfi—tipparatus for Bre juaking^j the jackknife^ ilie smVj ihe spindle^ 
the shuttle, and the Pictures of other exhibits in biology, gcol- 
ogj% and mithropcilogy in the National Mnseuni were i^liown by a 
“ stereomotorgraph ^ machine^ 

The Suiithsonian Institution was awarded a grand prize, under 
the head of scientific investigation, for the collective exhibit by thu^ 
Ixndltution proj>er^ the Bureau of American Ethnology^ the Jluseum, 
the Astrop!ij‘sicfli Observatory, nnd the Bureau of Iiilemationul 
Catulogiio Scientific Litoratnre; a grand prize for the balloon 
pyrlieliometer designed and exhibited by the Astrophysical 01>serva- 
tory; a gold medul for the Group of elk” shown by the Kluscum: 
and a silver medal for investigations for the betterment of social 
and econouiic conditions- The balloon pyrhclionicter, os its name 
iiiiplie^tf is an instrument for measuring tlie heat of tlie sun. It is 
earned aloft by a pair of rubber hallonus until one of them bursts^ 
when it gradually descends to tijc earth, supported by the other. 
Records have thus been obtained at heights of over 9 mil&s- 

TAXAMA'C-l-UrOKSlA nXiVSmON AT BAN DIEGO^ 

.fUthough no appropriation waa nindc by Congress for exhibits 
at iSau Diego in iDlfj, it was pcHssibk for the lust it u Lion, through 
cuopcratioii with the exposition tiuthorities, to arningc an intereiiUng 
exhibit of physical anthropology' and one illustrating American 
uborigtiml industries. Theto exhibits were described in my report 
of last year* 

At ibe close of the San Fmneisco Expedition a number of the 
Simthsoniun exhibits were transferred to San Diego, this fair mg 
extended over another year* These exhibits were located in the 
Scienre of Man BuEldiiig, and included four large cascB containing 
the family groups of natives from Jifterent quarters of the globe, as 
di-i^bed above, and some cases containing spedmens of their arts 
and industries^ together with ipeveml small family dwelling groups. 

NATIONAL MTlSEmt 

The report of Asrisfant Secretary Rathhun, appended hereto, re- 
viewi; in detail the operations of the National Museum^ The total 
number of new si»ecimena Bcquired was Sbl.TSSj about oncduilf per- 
tnined to the depaitment of zoology, about one-third were botanical 
and paleontological, and the rest were additions to the iLiithropo- 
logical and other collections. Among tlie ethnological additions 
of s|H?eial interest may note^l a serie^t of costumes, weaimiis^ 

and utensils from British Guiana; uinuy objects from Celebes, 
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Borneo, tmd the Philip pines? and a large collection from aboriginal 
mounds and min sites in Utah. To Uie division of American his¬ 
tory tlic mlditions included china and gluss^'are and other objects 
once the property of General and Martha Wusliington. The meniior- 
ia ]3 of Gem Sherman, which had long been in the custody of tbo 
Mnsetimi liave now been pi'esented by bis son, Hon. P* Tecnmseh 
Shennan, and the Cromwell collection of 20,000 domestic and for- 
eign postage stamps, deposited some years ago^ bceume the iibsolute 
property of the Hufienm on the death of Mr. Cromivell in Septem¬ 
ber, 1015. 

To the interesting collection of historical costtimes there have Wn 
addcil cofitiimed figures representing four hostesses of the White 
House, Mrs. James Monroe. Mrs. iJohn Quincy Adams, JIrs. AbrahEkm 
Lineoln^ and lira. James E. JIcKce. 

By the will of Drp Shepard there was bequeathed an important 
collection of meteorites which had been in the possession of the 
Museum for a number of years 

In the department of biology the additions were representative of 
many parts of the world, including mammals^ birds, and reptiles 
from Celebes and Borneo, collected through the long-continued gen^ 
erosity of Dr. W. L. Abbott; and like coUections from Siam, Kash¬ 
mir, northern China, and Manchuria. Part of tha results of the 
Smitlisonian biological survey of the Pnuomfl Ca-nal Zone was a 
collection of about IS,000 fislii:?s. The Cnmegie Institution of Wash¬ 
ington deposited some 8,000 botimiciil specimens gathered by Dr* 
J. X. Rose in Bras::!] and Argentiott- 

iUr. Eathhim enumerates many other interesting objects recently 
received^ particularly those pertaining to the industrial urts^ a depart¬ 
ment which has been veiy greatly developed si nee the removal of the 
natural historj’ exhibits to the new buUding, yet the prtrper installa¬ 
tion of series Ulu^rating the many hrauebes of the arts and indus¬ 
tries is already ^riously hindered through lack of space. It is in 
this department in particular that tlie Museum manifests one of its 
principal functions. The exhibits are so selected aaid so iuslalled as 
to teach visitors bow things are made and what they are made oft 
and not so much who makes the best articles or how they should bo 
packetl to meet the demands of trade. And yet w]>ile these cuUcc- 
tions first of all educate the puhik they also teach the maniifactiirer 
and therefore are of decided economic impart a ncc. One of the lead¬ 
ing Xew^ England manufacturers not long since, while examining 
the exhibits in his own mdostrial line, remarked, “this Uelpa 
hmdness+^‘ 

I con not too Wrongly urge the need of t-AlM gnwtcr iidvancempnt 
in this department of Smithsonian activities. The time la fast ap- 
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proaching wlicn tlierc s^lrould Iw cohi^ttiictod in the Sniuhsoniim 
resci'vfttion another new building, a iSluseiim of Industrial Arts. 
The coUectioiiA are here and in many respects they surjiass similar 
collections in Europe or elsewhere. The splendid new building in 
which the nniural history collectioos are now so adequately housed 
has oifered opportunity for the development of that department 
heyoml the lughe^^t expectations. Like progress could he made with a 
Uluseom of Industrial Arts. European countries hare such strttC' 
lures, one is needed here in Washington. It b an economic question, 
Commerda] museuins have their place for developing trade and 
commerce, and are of much value for such purpose, but the develop- 
menC of the artistic taste of the public through an educational 
hluscum of Industrial Arts is of even greater importance. If would 
stimulate inventive skill and advance every art and every indiLstry. 
The exhibits illustrating textile industry and mineral tecbnology in 
particular are very complete, consisting of specimens of raw mnte- 
riab, machinery used in manufacture, and the imiEhcd products 

Tu the National Gallery of Art there has been added a collection 
of 32 dmw'ipgs in pencil, pen, etc., by contcmporoiy French artists, 
a gift fiTJui citizens of Franco to the people of the I'nited States; 
alao im oil painting of Abraham Lincoln, by Story', the gift of him. 
£. H. llurriman. The paintings in the National Gallciy collection 
are of much jiopular interest ond of great artistic and iutrinsiu value, 
blit they aw crowded in temporary quarters in a building designed 
for purposes other Umn u gnllety of art. 

During Uie last year ilr. Freer made 535 additions to his collection, 
including 2S paintings and sculptures by jVmerican artists, and over 
.500 oriental objects consisting of paintings, pottery, bronzes, and 
jades. The entire collection now aggregates about 5,346 items- 

The auditorium in the new building has been tbo meeting place of 
a number of ecicntlGc bodies and of international congresses: and in 
the Foyer opportunity was offered for several special exhibitions. 

In cooperating with schools and colleges there were distributed 
some i,000 duplicate specimens of minerals, fossils, mollusks. and 
other objects, clasnifled and labeled for teaching purposes. 

Tlie number of risttors to the new building averaged 1,013 on week 
days and 1,240 on Sundays. 

BUREAU OF AMEKIC.VN ETHNOLOGY. 

The Bureau of American Ethnology is under the direct cluirge of 
Sir. F. W. Hodge, whose detailed report is appended iieretm The 
operations of the bureau include field work and special researches 
pertaining to the ..Vmerienn Itidians and the natives of Hawaii. 

With the cooperation of the Museum of the ^Vtnerican Indian. Tleye 
Foundation, the Nacoochee mound in Georgia was excavated and 
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proved to liave been used Iwth for domicile imd for biiriul purposes- 
In the Dioiiod wer^ found a largo niimfx^r of smoking pipes and a 
great amotiDt of broken j>otte-ry, Tn Kew llexico, also in cooperation 
with tbo Museum of tlie Ameriean Indian^ plans v^Qro made for 
exeatvating the historic pueblo of Ilaiviknh in the Zuili Vailk}- sfudb- 
of Zufu pueblo. Among the most interesting field operations 
during tlie year were those bv Dr, Fewkes in ih^ Mesa Verde 
Xational Park, Colo-j where he imearthed a ty|Je of stmeture archi¬ 
tecturally diderent from «iny hitherto found in the Southwest. The 
excavation was carried on under the joint auspiees of the bureau 
and the Department of tlie InlcrLor^ and tho l>uililingf which Dr. 
Fewkes has numed the Sun Temple^ is described in a pamphlet 
published by that department. The Sun Temple is a largo D-nbaped 
structure, the longest wall of which measures 131 feet 7 Inches. Tho 
wails are 2 to 5 feet in tliickncss and show' striicturiil qualities that 
compare favorably with any btiilding of this t 3 T>E nortii of Mexico^ 
Dr. Fewkes is of the opinion that though the building was used pri¬ 
marily a place of w^orship, it was intended also for a place of 
refuge in of attack. 

In the JTorthwest, mvestigations Avere continued by Dr. Fraeh- 
tenberg on the languages^ histoiw, and traditions of llie various 
In din n tribes of Oregon and ’VVjishington. In connection Avith this 
work It is kkteresting to note tlmt in neviring some manuscript mate¬ 
rial Dr. Frachtenberg secured the asslslancii of liii last sUTAdving 
member of the Atfaluti tribe of the Kalupuya Indinns. 

A number of special researches have been in progr&sg during the 
yeur, among them research Avork by Dr. Franz Boas in connection 
with the completion of part it of the Handbook of Amor jean Indian 
Languages. Through the liberality of Mr. Homer E. Sargent, of 
Chicago, Avork has been well advanced on an extended ^udy of the 
Salish dialects, as well as on a study of Snlisli basketry, w'hich it is 
intended to describe in an illustrated memoir. Part 1 of the Hand¬ 
book of American Anliquitieit by Prof. \Y. H. Holmes was in type 
at the close of the year, and the prejiiiritticin of part 2 Avas well under 
Avay. 

The study of Indiun nnisic by iliss Frances Dertsinai‘o, which has 
attracted considerable attention among musicians, ha^^ been continued 
during the yeavj chiefly umoug the Maudim and Hidatsii Indiaiin iu 
Xortb Dakota. A niimlicr of cei^nionial ntid war songs were re¬ 
corded pUonogiwphically and a now phase of the w'ork Avas under¬ 
taken, conristing of testing tlie pilch discrimination of the Indians 
by means of timing forks* There wa,s in pre^ at the clo^ of the year 
a bulletin by Mbs? Densinoro entitled Teton Sioux muait.” 
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Tbe puUiJcuiioDH of tb« bureau issued during the year comprise 
t%vo tumual reports ^vHh their oecompanyirig pnpcrsi, end two bulle¬ 
tins. lu press or m pj'cpitrntlon iit the close of the year were three 
nunUiU reports end five bulletins. The bureau librnry was eariched 
by the addition of 1,078 volumes, among thrm volumes of Bibles 
uiid portions of the Bible in American Indbb lunguages. 

ISTKRXATIONAL EXCH^\A’GES. 

The total nuinlwr of pneknges of governmental and other docu¬ 
ments hanUkHl by the IntcrnaLionfll Exchange Service during the 
year n'as 301^025, nn incrottse of over the previous yenr. Hib 

figure, howevcFi ifiill sliows u dccreoec ns compared with the total 
handled in owing to the suspension of shipments to 10 countries 
involred in the Ktiroiiean war, Efforts liave been made to resume 
sftipments to certain of tliese countries, which have met w'jth some 
degree of success in the cose of Germany and Russia. 

The Exchange .Service has continued its policy of internatlunal 
helpfulness by assisting governmental and scientific estubllslkments 
to procure piihlications especially desired both in this oounlty and 
abroad. One instance showing the vutuo of this policy mnv be cited. 
The Pan American division of the American A^ociation for Inter¬ 
national Conciliation, of New Vork, wished to assemble a collection 
of several Uiou^nd volumes of North American origin for presen¬ 
tation to the Museo Social Argentino nt Buenos Aires. Through the 
Exchange Senidcc tlie mottcr was brought to the attention of the 
proper establishments and several hundred governmental and other 
publications wesre received for the proposed collection. 

The nnjnbcr of sets of TTnited States governmental doenments sent 
through tbo Exchange Service to foreign countries has been re<hiced 
from 02 to 91, owing to tlic discontinuance of slilpments to the gov. 
ernmeut of Bombay at the tequet^ of that govemiuent. 

KATIOXAL ZOOLOGICAL PARK. 

The National Zoological Pnrk'js becoming each year a greater and 
greater otiraction to the public, and as its collections increase so does 
its value become of more importance ns a source of information to 
the zoologist in his study of anJinat life. 

There is now in the park a total of 1,383 individual animals, rep¬ 
resenting 360 species, as shown by the detailed census in tJie report 
of tlie superintendenL 

Among the recent accessions may be mentioned a pair of young 
lions, a pair of Siberian tigers, a ^at red kangaroo, several mon¬ 
keys, and a number of interesting birds, hut the newly ««juired ani- 
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mtJ that seems most popular is a mule cliimpanKee, about '4| years 
old, from tiie forests of French Congo. 

The nutiiber of visitors during the past year eras as com¬ 

pared Tivith "!>4,^>30 in ihc year preceding. This mcluded 161 schools, 
classed, etc., numbering S,6T0 individuals. 

decent iniproTemeutfi include tlie construcrion of a hospital and 
hiboratorj* building hilJ the grading of some ridges and gullies to 
secure additional building sites and padilodcs for the deer and other 
large animals. 

As mtmtioned in previous reports an appropriation ivas made in 
1013 for tlie purchase of several acres as an extension to the western 
boundary of the park, but legal proceedings and complications inci¬ 
dent to adjustment of values and benedt assessments caused siieli 
delay that the appropriation, not being a continuing one, lapsed on 
June 30,1015, and Congress has failed to renew the allotment for thia 
mueli desired improvement. 

Many important needs are urged by the supermtendent, some of 
w'hich I have mentioned year after year. One of these is an aviary 
building for the birds now being housed in temporary tpiarters 
greatly deleterious to their health. Other needs are a building for the 
eleplumts, hippopotami, and similar animals; an ape house; a reptile 
house; a pheasantry; an ostrich house; an aquarium; and on insect- 
uj-y; also ii gatehouse and a permanent boundary fence. 

THE ASTROPHYSIC.\L OBSERVATORY. 

Observations of the solar constant were continued at hfount Wil¬ 
son, Cal., from July to October, 1915, and wore begun again in 1916. 

Durbg the year there was published tl;p results of solor-constnnt 
observations made under Prof. Pickering's direction at Arequipa, 
Peru, since August, 191^, with a silver-disk pyrheliometer lent by 
the Smithsonian Institution. These obsen ations confirm the van- 
lUions of the sun observed at Mount Wilson. An interesting feature 
of the Arequipa oijserfations was the fact that the volcanic eniptimi 
of Mount Katmai in 1912, which ]>roduced a great deal of dust over 
the northern hemisphere, apparently had no effect on the stmosphere 
south of tlie equator. 

The results of observations at Mount Wilson in 1913 and 1914 on 
the distribution of radiation along the diameter of the suns disk 
were piiblislicd during the year. It is thus sliown that the average 
distribution over the disk varies from year to year as weU as from 
day to day. 

Observations have been continued on the transmission of rays of 
gi^t wave length through long columns of air, w'liich it is expected 
will be of much ijiterest in studying the earth’s temperature as 
dependent on radiation toward apace. 
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After severul years of experinieating tlie A^trophysical Obaerva- 
torj* has confitrueted an instnmietit called tlic pyi’anometcr, designed 
for meusui'itig the intenaty of sky light by dny and of radiation 
outward toward the sky by night. A fnll account of this instrument 
bus been publiebed in pamphlet fai'ni. Xho pyraiiometer may prove 
of advantage in botanical investigations in forests and greenhouses, 
since it can measure radiation in deep shade as well ns in the full sun. 

The Iftgtitution has made an allotment from the TTodgkijis fund 
for carrying on solar-constant work at some suitable place in South 
America. Throughout the year, for sevenil years, it ts intended to 
continue observations at Mount IrViison in California and at tlia 
South jVjnericaji station with u view to detennine the dependeoco of 
the earth’s climatic conditions on tho sim'e vnriation of radiation. In 
addition to bis solar-ffiJiistant work the director of the obaervatory 
bus given considerable attention to experiments nt Mount Wilson 
witli solar cooking apparatos “comprising ovens boated by oil under 
gravity circulation maintained by lieat collected by a concave cyliu- 
dric mirror of about 100 square feet surfaced* These experiments 
were not concluded at thu close of the year. 

IXTEBXATIOS.U. GATALOCJUE OF SCIENTIFIC 
LITERATURE. 

The InU?niationaI Catalogue of Scientiec Literalnra. tlie United 
.Slates bureau of which is admluistered by the Smithsonian Institii* 
tioE, was organized in 1001, and since that date 17 Toliimes of refer¬ 
ences to scientihe Uteruturc, one for each of 17 branches of science 
Lava been published each year. During the past year 34.1fj0 dossi- 
fied references to .Vmeriesyi scicntilic literature were prepared by the 
United States bureau, bringing the total number of references to the 
hterature of this country since the inception of tlie ratalomie ud to 
300,SOS, ^ ^ 

.Vs stated in lost year’s report, the war in Enrope caused comrid- 
erabie Bnancittl embarrassment to the publication of the catalogue 
owing to the impossibility of collecting subscriptions from several of 
the countrire involved. The generosity of the Royal Society of Lon¬ 
don in making up this los of incomo made possible the publiretion 
of the thirteenth annual isue, imd this year a i-equest was made for 
assistance from tho United States. Your seevetarv succeeded in in¬ 
teresting the Carnegie Corimration, of New Yo^k, in tlie project 
and through the generous assistance of that establishmont it was 
made possible to publish tho fourteenth annual issue. 

The value to science of Uiis catMogiie h universally recognised and 
it h the opinion of scientists everywhere that any lapse in its publi¬ 
cation would be a real calamity, as shown by the actioa of the Inter- 
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natioDiiI Conodl of tbe Catalogue iQ voting to extend the work to at 
least 1020. 

NECEOLOQT. 

James Burrill Angell, doctor of )awS| died April 1,1916, He had 
been a regent of the Institution for a quarter of a centttiy, from Janu¬ 
ary 19, 168T, to January 15, 1912, when he resigned on account of 
age and inability longer to attend meetings of the board. He was 
lx>m at Seltuate, E. I., January 7, 1829, and Utrough bin long life as 
a journalist, sn educator, and a diplomat he served his country faiths 
fully in many positions of honor and trust. 

He began his career ns'a pro^ssoi' of modem langnages at Brown 
University, was a journalist dining the period of the Civil War, 
president of the Univermty of Vermont i&66-1871, president of tjie 
University of lUichig&n 1S71-1909, United Stotes miiuster to China 
1880-18S2, and minister to Turkey 1897-99, and served on several 
important treaty commissiona. Tn accepting his resignation as a 
regent in 1912 the board recorded its appreciation of ttia long and 
faithful service to the Smitlisonian Institution. 

Respectfully submitted. 


CuARLEa D. Wauxitt, Secretary. 








Appendix 1. 

REPORT ON THE UNITED STATES NATIONAL ^fUSEUM, 

Sis: I have the hon«>r to sahmit llie foQowing report on the openi- 
ttons of the United Stat^ Kational i^IdaetJni for the fiscal year end¬ 
ing June 30, 1916: 


rNTRODncrrOR Y, 

Seventy years ago Cangress first definitely recogniseed the national 
collections and directed their segrregatinn and preservation under 
the custody and supervision of the Smithaonian Tristitution m the 
building to be erected for thnl establishment. By 1850 arrange¬ 
ments had been sufficiently perfected to justify the appointment of an 
assistant in charge of museum matters and to begin the acquisition 
of n a turn I-history specimens^ but it was not until 1853 thnt the 
extensivo collections which had preriously aocumulutcd at the 
Patent Office could be accepted With an influx of material rela¬ 
tively os phenomenal as m more recent years, the Miiseiim rapidly 
spread beyond the boundaries origiiially assigned to it iind by 18 T."p 
was practically in possesion of all parts of the Smithsonian building 
not required for the offices of the parent institution. But even so^ 
there was a conditioii of great congestion from which relief was 
only obtained in ISBI, the year of the eomplction of Ilia ^ond 
building. Though specially designed for displaying the many im¬ 
portant donations in numerous branches of tlic mduatrial arts from 
the Centennial Exhibition of 1876^ the latter had also to serve for 
the overflow in natural historyj a combination which fully iaxed 
its capacity in less than three years. Then followed nearly three 
decades during which about as much niBicrial was assembled in 
outside storage as found lodgement within the two structures* 

The problem as regards the departments of natural history was 
solved when the new large granite building was made ready for 
occupancy in 1911t except that it lacked accommodations for the 
division of plants, or National Herharium. As the depository for the 
Department of Agricult^ire and other e^abiiahments conducting 
extensive botaukat explorations, thi^ branch of the Museum has 
abont outgrown its provisional qmirtera in the SmithBonjan building, 
and ite future requirements should not long go unheeded- 
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The tnost serious phiise of tUt* situation now confronting tlie Mu¬ 
seum, hciweverj results from the wholly inadequate facilities for sys- 
teniiititally developing the collections illustrative of the industrial 
arts. ComprehendeJ under the fuiidnmental act, partly orguniiied in 
IMO, greatly enriched from the Philadelphia eshihition of 1S70, and 
with a steady growth through all sube^uent years, this important 
liepiirtment, wlioge principal aim is popular education on technical 
lines by means of eshibits vieualising conditions and proceffica us 
well as products, is filling to such an extent every foot of available 
space that the halls present rather the appearanM of grosa storage 
than of oislerJy and dosaified arrangement. Public sentiment, ex¬ 
pressed through many channels, demands better progres Uian here¬ 
tofore in carrying out the purposes nf this dcpartincnt, but the 
diflicultics in the way are by no means confinetl to limitations of 
splice, since the more immediate cmbarnissmeBts arise from an 
iiiMiJIiciency of funds for employing the necc^ary akilled aSBistuats 
required for working up and preparing the exhibits, which includes 
the cfjnstrnction af many iiicKle.ls^ 

The department of the fine arts is even more poorir provided for 
than any of the other Museum branches, as it ia ocenpying borrowed 
space which is already so crowded as seemingly to forbid further 
contributions, and while this condition lasts there enn be little 
hope for advjmcement Thei-e is, however, one bright feature to 
mention in this connectlon-^tlie decision to immediately begin, the 
i^'tion of the buililing for the Charles L. Freer collections of 
American ami oriental art. the plans showing a beautiful granite 
stmeture, the completion of which will bring to the Institution much 
the largest donation it has ever had, one of the most notable gifts 
of its churocter m the world’s history. Put to no expense for either 
building or collectiong, it is hoped tbnt the example set by Mr Freer 
will lead to more liberal crjnsideration on the part of the Govern¬ 
ment of the needs of the Kational Gallery of Art, for which no ap¬ 
propriations of ani' kind have ever yet been made. ‘ 

During the past year many valuable additions were made to the 
Mllectlons genemUy, new and instnicdve features were incorporated 
in the exhibition Imlls, and a wider public interest wag stimulated 
through an iixceptiona] number of meetings and of special oxnoai 
tions of scientific and art objects held at frequent intervals in th. 
convenient quarters provided for such purposes. 


COLLKCrrONS. 


• of »p«up.m during the rear „„ 

prelaw, 11> 1.52},«**ions, ihw w,™ 

classified and assigned as follows: Department of nnthroiilfv^ 

29,«3i m,303; bofuy, Km, p«,log,°U 
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IJOOt piUeontologj", 48j40B; textiles, woods, and other animal and 
V 4 »getjiblij producta, 2^04; mineral technology, 280 ? and the JTational 
Gallflry of Art^ IJIO* As loam for exhibition, 1}960 articles were also 
obtained, mainly for the Gollery of Art and the dlvisionfl of history 
and uthnology. ilatcrial for exiimitiation and report, coDsistiiig 
chiefly of roc^ ores, fosils, and recent animals and plants;, was 
received to the extent of lotsL 

Anthropot^^^l /.—One of the most desimble ethnological additions 
wa^ a series of cfistmnes, wcai>f)Tis, and ntennis—excellent illustra¬ 
tions of the arts and industries of recently discovered tribes in the 
interior of British fhiiana, collected by Mr. John Ogilvle. The 
ahorigines of Celebes and Borneo were represented by many import¬ 
ant objects a^^hled by Mr. H* C* Haven and pressented by Dr, W, 
U Ab}>o£t- and those of the Philippine Islands by extensive and 
varied contribution^, including weaponSf musical instruments, 
linsUeh^ eoetutues, etc., received from Mrs Carolijic E. Botes, Mn 
T1 H. Hanmiond, and the following efficera of the United States 
^Vmiy, namely^ Maj^ Edgar Russe!^ Jlaj. W. T- Johnston, and Capt. 
fl* R. Harris^ Baskets, oiviaments, and other artides of various 
Indian tribes of Korth America, were also given by Mrs. Bates; a 
number of rare and valuable objects from the Osage Indians were 
deposited by tlie Bureau of American Ethnology; Intere^mg ex¬ 
amples of art and ethnologica from various parts of the world were 
presented by Miss t^iiise Sniter Codwlse; and costuincfi and imple¬ 
ments from the Blackfeet Indians and the Greenland Eskimo were 
likewise obtainoLh 

An extei^sive collection of arcbeologlcal material from mounds and 
ruin sites in Utah, resulting from explorations by Jlr. Neil SL Judd 
for the Bureau of Ethnology, is of particular value in aiding to 
determine the distribution of Pu^lo culture toward Uie north, 
Otlicr acce^ons from America conrieted mainly of artifacts, hmlud- 
ing many rare spectmens, from several of the Stales, and of w^oven 
falvrics ux\d pottery from Peru. A gift of Old World antiquities 
from Miss Cod wise woa composed principally of Egyptian 
necklaces, and figurines, and Fnle^Inian nmulcts, vvhilo a collection 
of prehistoric stone implcmenta from Great Britain ctmtalned some 
clndce specimen a 

The division of physical anthropology received many skeletons and 
skulls, in very complete coDdition, from Mr. Clarence B. Mwrc, who 
obtained them at ^"^The Indian Knoll,^^ on the Grreii River, Ky.; 
ond a similar collection from Mr. George G, Heye, secured during 
an exploration of old burial sites in Georgia and Tennessee. Es¬ 
pecially noteworthy was an cscellcnt series of fiknlls and numerous 
ipther bones l)eluiiging to the period l>efore the advent of tlic wliites, 
procured in old burial caves in ITaw'ali by Mr. August Busek. 
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The more notalilo Bccesaions in mechiinicBl tecUnology bore upon 
the subjects of the telephone end firearmij. The American Tele* 
phone & Telegraph Co. contributed a set of instruments and of load¬ 
ing coils, with e.^tiinple 9 of line wire and gloss insulators, used at the 
opening of the first telephone line between Xew York and San Fran¬ 
cisco on JatiuarT 25,1015, and also a dnpLicate of the first in ^rundent 
tlirough which speech was transBiitted electrically in Boston in 1876; 
while Dr. Alexander Graham Bell deposited his diplomas, certificates 
of Rward, and announoements of election to scientific societies, an 
interesting series of documents indicative of the many honors wliidi 
have been conferred upon him. A gift from Mrs Bates of much 
historical value included old military guns of European and iVmeri- 
con manufacture, pistols and revolvers, a gun made in the rhilij}- 
pine Islands, two very fine hronte mvh el cannon, and several Toledo 
blades and other swords. 

Mr. Hugo Worch added three old American pianos to his munifi¬ 
cent donation of the previous year, and made ii provisional deposit of 
four other instruments, three American and one of London make. 
Hie permanent acquisitions in ceramics consisted mainly of examples 
from some of the prominent potteries of the United States, but 
among the loans were apeciinens of porcelains from abroad and also 
of glasware, bronze, and brass, which are now exhibited in the 
ceramic gallery. 

Among the occesaionB in graphic arts were experimental appamtiis 
and pictures illustrating progress and the sevei^l steps in tlie elec¬ 
trical transmisrion of photographs from one place to another, as 
also the development of the engraving machine called the akro- 
graph; a Wells printing press; examples of the art of overlay in 
printing: samples of poster stamps and lithographs; and a number 
of fourteenth and fifteenth century manuscripts. The additions in 
photography included daguerrcotJT>“t ambrotypes, and tintypes; a 
sepia print of a painting on carved wood by Bosselimo; and a scries 
of prints of astronomical subjects from tlie Yerkes Obwrvatory. 

Afoertcan —^The historical collections were increased to on 

exceptional extent by both gifts and deposits. Mosit prominent was 
a loan by Mr, liValter G. Peter, a descendant of Martha Washington, 
of many objects of artistic and domestic interest once the property 
of General and Mrs. Wasliington at Mount Vernon, which richly 
supplement the Lea‘is collection long in the possession of the 
Museum. Mention can here be made of only a few of the articles, 
among which were a china portrait plaque of Washington designed 
by Richard Champion; a water-color portrait of him by William 
TTiornton; two gold lockets containing locks of hk hair; a gold 
watch of Sfrs. Washington, tbe cover engraved with the Wo^ington 
coat of arms; a ehildk French dressing table of exquisite workman- 
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ship presented by Liifayette to the granddaughter of Mrs. Washing¬ 
ton, Martha Ciistis, who became Mrs. Thomas retort letters written 
to Mrs. Wnahingtem on the death of her husband: documents relat¬ 
ing to the settlement of her estate; and a number of fine examples 
of eighteenth century china and glassware. 

It is pleasing to note that the valuable loan rollcction of memorials 
of Gen. Willi a ID Teciimsch Sherman, United States Army, witli 
additions; was given into the pennanent keeping of the MiLseum 
during the year by Lis son, Hon. P. Teciimseh Sherman. From the 
widow and children of Jlaj. Gen. Henri' W. Lawtoo, United States 
Volunteerfi, there was acquired as a gift im estensive series of objects, 
including a medal of honor from Congress, forming s signifiennt 
reminder of the distinguished career of this ofHcer in the Civil War, 
several Indian wars, and the Philippini^ Important rcUcs of Capt. 
Edward Trenchard, United States Navy (1784^1624), and of liis son, 
Rear Admiral Stephen Decatur Trqnchsrd, United States Navy, 
inclnding two presents awarded to the former by nets of Congre^, 
were received on deposit. There were also many other ^fts and 
loans of notable peisonal and period relics, and the national societies 
of the Colonial Dames of America and the Daughters of the Ameri¬ 
can llevolution made interesting additions to their already estensive 
loan collections. 

By Uie death of Mr, David W. Cromwell, of New York, on Sep¬ 
tember U, 1915, tho splendid collection of nearly 20,000 domestic 
and foreign postage rtam^iS; which he placed on permanent depomt 
in lOOS, became the absolute property of tlm Museum. Among other 
additions in philately, including stamps, stamped envelopes, and post 
cards, were 1J)65 new foreign and 269 new domestic issues, received 
from the Post Office Department. 

The collection of historical costumes was enriched to the extent of 
562 articles, nearly all of which were loans. To the iseries of cos¬ 
tumed figures representing hostesses of tho White House four were 
added, namely, Mrs. James Monroe. Mrs. John Quincy Adams, Mrs. 
Abraham Lincoln, and Mrs. James R. McKee. 

Biology .—^lu the accessions of vertebrate animals tho Asiatic 
region wiis especially well represented, and many genera and species 
new to the collection were obtained. The name of Dr. W. Tj. Abbott 
remains conspicuous in this connection through three contributions. 
The first, composed of niaterial gathered under bis direction and at 
hU expense in Celebes and Borneo by Afr. IL C. Raven, consisted of 
465 main male, 969 birds, and a number of reptiles and l.}atmcbium. 
'I'hc second, presented jointly with Mr. C. B. Ivloss, contained 11)7 
mammals and 133 birds, besides reptiles and hatrachiaus from £>iam : 
while the third was a aeries of 1S3 mammals from KHshmir, British 
India, The Celebes and Siam specimens are especiaUy important, 
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tKttb as comings from localities not hitherto represented in the Ma- 
seum and as supplementing tiie existing large collections from the 
related faunal regions of the Mala; Fcniostila, the Philippine 
Islatiils, and Borneo, From northern China and Jfanchiiria was re¬ 
ceived a vain aide series of mammals, birds, and reptile*, the rosulta 
of further field work by Mr. Artlnir de C, Sowerby, Ohlaincvf by 
Mr, Copley Amory, Jr,, during a collecting trip to the little-known 
Kolyma Elver region of northeastern Silieria an<l presieated by him, 
were Sdti mammals and 240 birds, Ijeeides a number of nests and eggs 
of the latter. 

Additional mammals were received from Baluchistan through ex- 
ebango with the McMahon Museum at Quetta and from Eiist Africa 
as u gift from Mr. Ehon Clark, The most important accesmune of 
reptiles, hatrudiions, and lislies consisted of the specimens obtained 
in connection with the Smithsonian biolcgical survey of the Canal 
Zone by Jfr, S, F, Hildebrand, Prof, S. E, Meek, and Mr, E. A. Gold¬ 
man, tlio number of dsbes amounting to about 18,000, An extensive 
collection of Peruvian fishes made by Dr. R. E. Coker iu lOOT and 
1808 was presented by the Government of Peru, and anutber from 
South American locnlities was received from Indiaua University iii 
exchange. The Bureau of Fisheries deposited 1^242 specimens from 
AIf/atra'>.‘! explorations in the Pacldc Ocean. 

Tlie receipts by the dlvision of marine invertebrates were excep¬ 
tional ty extensive. Twenty-seven separate coUections were trans- 
ferroil by the Bureau of Fisheries, a part of which had been worked 
up and described. They represented investigations by tlto steamer 
Alhafrwt) in the Pad.(ic Ocean, by the stcameis Fhh llatai: and 
H/wIttf and tlie sdiooner Crratuptm in the Atlantic Ocean and con¬ 
tiguous waters, and certain other inijuiries. Of cnistaceans there 
were about 15,000 spccuncns, of annelids about 1/KI0 specimens, of 
pteropod tnolluaks about 0,200 specimens, of starfishes nearly 150 
tyjws, and of fresh-water moUusks about 1,000 specimens from the 
Mississippi River, l»^des very many unassorted lots of crustaceans, 
salpa, pyrosoma, and other groups. 

A very large number of miscellaneous invertebrates from the Dan- 
hdi West Indies and about 5,000 specimens of land and marine mol- 
lusks from the Florida Keys were deposited by the Carnegie Institu¬ 
tion of Waabington, while over 3,000 miscelltineous Rpeclmpus from 
dredgings off the coast of Florida and about 7,000 land and fresh¬ 
water sliells from Cnba were presented by Mr. John B. Henderson. 
,\n accumulation of samples of ocean bottom, filling nearly 11,000 
bottles, obtained hy vessels of the Coast and Geodetic Sun*ey dur¬ 
ing hydrographic investigations in the Atlantic and Pacific Oceans 
ami the Gulf of Mexico, were transferred to the custody of the 
Museum. 
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The principtil of iDejects cooMi^eii of I^cpidopU^ru and 

Diptcm deposited by the Buresiit of Eniomolo^^ of nsimeil sjfeeies 
of beetles and HsTucnoptera from Aiistmliftf and of types of new 
species presented by Prof. T. D* A. Cockei*^* 

Tlie divisioti of plants received several large and important col- 
leciioiis. The Department of Agriciilture transferred over tt.600 
specimeiis, of vilucli a consideruble proportion were grasses. Some 
SjOOO BpcoimenSj rcprcsenling the field work of Dr. Jp X. Po^ in 
connection with his cactus iDvestigutions in Brascil and Argentina 
during the ganuner of I9l5j were deposited by tlje Carnegie Institulion 
of IVadiington ^ and about 2,000 spedmens secured by the Pcruvijin 
expedition of 1914^15 were presented by tJio Xatiumd (ieogriipidc So* 
ciety and Yale University. Among other iniport;mt accessions were 
specimens from the PhiUppmeg, xVmboinat China^ and Pajinmiu 

Geotoff ^*—During explorations in the Rock>^ Moimtaiu region in 
the summer of 1915, Dr. Charles D. IrValcott procured for the Museum 
in the Yellowstone Xatlonal Park a large and well-selected serien of 
the siliceoiLs and calcareous slntergr including some masses of excep¬ 
tional sbe, native sulphurj eilicified wood, sundry mineral Kpecimens. 
and an extensive representation of volcnnk rocks, intended in part 
for an exhibidoii of the ^ological features of that park- Among 
other important acquisitions were illustrations of the geologv and 
mineral associations of the pegmatite deposits of southern California, 
and of the emerald mines at Muiso, Colombia; a number of sdieelite 
epecimens of more than ordinary interest from Utah; and an unusu¬ 
ally fine large specimen of secondar}^ copper anlphate from the Sil¬ 
ver Bow Mine^ Jlont- The Geological Survey transferred examples 
of the nit ra te deiMsita in Idaho and Oregon, and of potasb-bearing 
salts and associated rocks from t!ie vicinity of Tonopah, Xev.; and 
Dr. Jo^ph P, Idding^ presented some fine specimens of die peculiar 
problematic bodies known as obsidimiiles and Darwin glass from 
Borneo and Tasmania, and an important series of phosplmte rocks 
from Ocean ond Maknten Islands. 

By die will of Dr. Charles Uphom Shepard, who died early in 
Julvj 1015, the very important collection of meteorites belonging to 
him, which has been on deposit for a number of years;, was bequeathed 
to the 3Iuseum; while from several other sources material represent¬ 
ing 32 distinct falls of inefccorites in many different parts of the 
world was also acquired. 

The mineral collection received many additions, including excep¬ 
tionally fine specimens, example of leceot finds and several rare 
species^ the largest acce^ou, a deposit from the Geological Suney, 
consisting of about 300 specimens mostly LUustratire of a report by 
Dr. W. T. Schaller on the gem minerals of the pegmatites of Cali¬ 
fornia. From the same Survey was also transferred a large amount 
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of ptftrologiiiul mtityrinlj mtanly rod^B illustrating the geology and 
ore deposits of several districts and localities, described in rccsant 
pa|jers. 

Of fossil itivertebrntes the Geological Survey made extensive con- 
tributiona from tha Tertiary of the Atlantic and Gulf coaBtal plain, 
the CretBceotis of New Mexico, and other formations and localities. 
Other important accessions were several thousand specimens of 
bryOEOa and ostracoda from various parts of the world, a collection 
of Upper Ctttaoeous forms of special interest as containing types 
described long ago by Pml T, A. Conrad, insects from the FIorLs- 
fiunt beds of Colorado, and types of new species of crabs* 

Alc^t prominent of the additions in vertebrate paleontology was a 
nearly complete akeleton of a large mastodon found near Winamae, 
Ind*, which has already been mounted and placed in the exhibition 
hall- From the Keren expedition to the Kolyma River region of 
northeasteni Siberia were received nearly 200 specimens, of which 
the most valuable is n fine skaJl of the Siberian mammoth, the only 
one of tlvis northern form now in any American museum. Two oob 
lections of fosal plants, recently described, including the type and 
figured specimenSj were transferred by the Geological Survey- One 
was from the San Juan Barin, N* Mex^, the other from the Fox Hills 
formation, CoIoh 

—In the di virion of textiles excellent progress waa made 
in the acquisition and installation of new exhibits. Probably the 
most important was an extensive series of specimens* and of models, 
sections, atid photographs of machinery from the American Thread 
Co., showing the manufacture of cotton thread in all its details* 
Other notew'orlby accessions were two additional Jacquard machines 
for decorating textilea; further ilhistrationa of the operation and 
work of the embroidery automats, of the manufacture of rilk fabrics^ 
and of iho designing, wearing, and printing of silk upholstery and 
drapery materials; examples of Javanese batik work on cotton and 
rilk, and of various patterns of moiri? silks; a demonstration of the 
successive atages in the production of painted cut velvet, called 
*' Yiixen Birodo’^ by the Japaneae; and f^mplcs of rilk skeimdyein^ 
luid silk piore-dyeing and printing. 

Thu Japanese Commission to the Panama-Pacific International 
Exposition contributed 100 ctunnicrcial fabrics, indtiding many kind^j 
not produced in thus country* The repr^entation of American up- 
hoktciy and drapery fabrics and allied textileis of various ninterials 
and chiiractcr of decoration was greatly increased and improved and 
manufacturers continued to keep the coUeciion supplied with novel¬ 
ties oud n^w tji>es and designs of ilresa fabrics as soon as they were 
brought oub Numerous excellent examples of the handicraft work 
done in the schools of the Philippine Islands were also obtained. 
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Wood technology/.—h% tLe rcctntlj orguai^etl Eectioa of wochI 
technology th^re many accessions of staples of iioportimf eom- 
mcrchil woods Aod of illustrations of wood ulilkatiuii^ tho public 
mstallation of which was about to be taken up at the close of tho 
year. ^ITiile the wood spBcimetus, mostly in the form of laig^s boarils^ 
wero intended primarily for practical educational purposes, a large 
proportion had been determined botauicallyt insuring for them a 
proper technical designation* 

The principal collection of wood samples, from tho Pbilippme 
Islands, comisted of 110 pieces, representing 85 apocies, the dupli¬ 
cates sliowing differiiiit characteristics as to grtiiti and figure. In 
addition there were 10 piee^ and 15 species from Argentina; ^ 
specimens of various foreign woods highly prized for veneers and 
for cabinet and furniture work, including the several important 
varieties which are imported mto this counti^ under the trade name 
of mahogany; 38 specimens of redwood from the Pacific coast, repre* 
sen ting a large range of pat toms produced by the manufacturers aud 
Eoine of their bettor grades of plain lumber; and also examples of 
koa and ohia woods from Hawaii, Honduran mahoguny, red gum, 
yellow poplar, white oak^ and black cherry^ 

Material received os part of an exhibit of the turpentino industry 
included three butt sections of Igngleaf pine from a commereial tur¬ 
pentine orchanl, illustrating the manner in which gum fur the dis¬ 
tillation of turpentine is obtained hy the bos, the cup and gutter, and 
Lliu Forest Service methods, clearly showing the progressive improve¬ 
ment from the former wasteful to the modem economical processes. 
These were accompanied by samples of the gum, scrape, turxientme, 
and resin, and examples of the tools used, andj in addition, there 
was a uickIcI of a tuipeutiiio etiil of a pattern common to tho long- 
leaf pine halt, in e setting typical of the region, some of the trees 
being boxed and others provided with cups and gutters. The utiliza¬ 
tion of wood was also illustrated by samples of dyewoods in tho 
log, and a series of extracts from them, including logwood, Brazil 
wood, fustic, and quehracho; and by several series of ^^>ecimenB 
showing the materials and succcs^iive stages in ih^ mimufactura of a 
number of articles of common use, ^ch as matches^ tool handles, 
bruslics, and sporting gooda 

Of subjecte other tlian textiles and woods, while no special efTorts 
w'era made in their behalf, much desirable material was received, in¬ 
cluding agricultural products generally, foods, medicines, resins^ 
models of fishing methods and boate, fishery products, et& 

^finoTal teohnolog ]/. — very realistic model of Trinidad Asphalt 
Luke iii^d its environs, a scries of colored transparencies and photo- 
grophic enlargements, and a complement of specimens typifying the 
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different fortus of asphalt twcurjujoce os weU a$ the useful products 
prepared therefrom, constituted the mt>st striking addition to tlie 
cxliibiUr in the diviaion of mlneml technology. Next may be tnen- 
tioned a complete ore stope removed bodily, om faces, timbering, 
chute, manway, and all accessories, from the Copper Queen Mine 
at Bisbee, Ari?., 

Among other important acfiuiBitions were a model representing 
the layout of u Portland eemont plant and the setjuence of operations 
eoanwted with the manufacture of cement; an industrial scries of 
specimens covering the occurrence and uses of natural graphite, in¬ 
cluding a remarkable block of pure graphite weighing a.TO pounds; 
a model reproducing the unique method of mining placer gravel for 
gold in the frozen north by a system of underground drifting or 
tunneling bedrock, with the ground thawed out in immediate advance 
of the tunnel by means of steam; and a model of a cyanide leaching 
plant showing'admirably the method commonly employed in the 
extraction of gold from its ores where the metal does not lead itself 
to simpler and more direct processes for its segregation. 

SATIONAi GALLERY OF ART. 

It is very gratifying to note that early in the year Mr. Cliarlea L. 
Freer waived the condition attending his munificent gift of American 
and oriental art to the effect that tlie collection remain in his pos¬ 
session during his life, and expressed a desire that the erection of 
the building be taken up at the earliest possible moment. Tlie sum 
required for this purpose, $1,000,000, also a donation from Mr, Freer, 
was tamed over to the Institution in December, and the rite and 
preliminnrT plans, both satlsfactor}' to the benefactor, received later 
the approval of the Board of Begents of the Institution, and of the 
Federal Commisaioti of Fine Arts. The rite is the southwestern part 
of the Smithsonian reservation, at the comer of Twelfth and B 
Streets, S. W., and approximately two years will bo retjuired for the 
completion of the building, at the end of which time the transfer 
of the many precious objects to Washington may be expected to tnke 
place. The fact that the planning and the exeention of the work of 
construction is in the hands of Mr. Charles A. Platt, of New York, 
insures their being carried out in an eminently satisfactory manner. 

Since the last report Mr. Freer has incmised the extent of his 
collection to about 5,34$ items by 535 additions, of which 53 are 
paintings and sculptures by the American artists Tryon, Thayer, 
]detcnlf, Murphy, and Saint-Gaudene; while the oriental objects, 
numbering 51S, conrist mainly of paintings, pottery, bronzes, and 
jades from China, Korea, and Japan. Mr. Freer aimoiinees con¬ 
siderable headway in the preparation of the final catalogues, on 
which a number of experts of wide repute are at work. 


RKPORt OP TBE SKCRETABT. 


45 


Tlio National Oallery df Art also received during the year from 
the IDepnrtment of State n most intcr«ting coUection of 82 draw- 
uigs in penril. (xoit charcoal, chalk, emyou, and water color, esecuUnl 
by eminent eoiitemporary French artists and jiresented to the j>ecple 
of the United States by the citizens of tho French EopiibUc as a token 
of their appreciation of the sympathetic efforts of American citizens 
towanl relieving the distress occasioned by the European war. There 
shoultl likewise be mentioned an oil portrait of Abraham Lincoln, by 
George H. Story, presented by Mrs. E, H. Hairinuin. 

MEICTIN'QS AND CONfi HESSES. 

Tlie auditorium and committee rooms in tho new biiildmg were 
utilized to a much greater extent than in any previous year for 
Bcientihc and art meetings, lectures, and other functions. Tliree of 
the local societies made the Museum their regular meeting place, 
among these being the Washington Society of the Fine Arts, which 
presented its customary three courses of lectures. Annual or epeciut 
meetings were held by the National Academy of Science«s, Um Slining 
and Metallurgical Society of America, the Society of American 
Forestere, tho American Oriental Society, and the American Surgical 
Association. Lectures, singly or in short series, were given under 
the auspices of 10 of the science ond ait societies, and 6 receptions 
were held in connection with large gatherings of national and inter¬ 
national bodies- 

Among tho special meetings there were several whicb merit dis¬ 
tinctive mention. The most important lif these was the Nineteenth 
Intcrnatinnal Congress of Americanists which met from December 
2T to 31, in affiliation with Section 1 of the Second Pan American 
Scientific Congress, then also in session in Washington, tho American 
Anthropological Afisrtciation, the .iVmerican Folk-Lore Society, the 
Aniericon Historical Association, and the Arcliaeological Institute 
of America. On the afternoon of Febniniy 9 a bronze tablet in 
memory of Prof. S. F. Baird, as the instigotor of the Federal fishery 
eervice* a contribution to tlie Bureau of Fisheries by 47 subscribers, 
was dedicated in tho auditorium with appropriate ceremonies in tlie 
presence of u large assemhlagc. 

During the week of the safety-first exhibition, February 21-28, tho 
auditorium was occupied on five days for lectures and discourses on 
tho subjects comprehended by this notable display, nearly all of 
them being profusely illustrated, both motion pictures and lantern 
slides being used. The speakers, besides the i?ecretary of Labor and 
several asmstant secreturiva of deparluiciils, were all experts in the 
lieveral bureaus represented. The excreiaes attending the centenary 
celebration of the organization of tho Coast and Geodetic Surray, 


46 UEFOHT SSlllH^ONIAN rJT&ill O i'lOy, 1010. 

held in the ttiulitoriutn m Ajiril 5 find flt con&isted of nn esposltiori 
of the work of this, Lhfi first scieotifie sei'rice of the Govenifiieat. by 
eminent iiuthorities who had been invited to q>eiik upon those phases 
of the Survey^s flctivitte^ with which they are best acqnninted. 

The Anierieaii Associatlfin of Museunis held its eleventh annual 
meetiiig in WadiingLon from Slay 15 to 18, and the Amorienn Federa¬ 
tion of Arts its seventh annual convention from the i7th to the l^Jth 
of the snn^e month. While only one session of the fortner and none of 
the lattor was held in the Ifuseuin; a reception wiie tendered to both 
on the evening of Shiy IT, when an important loan exhibition of the 
indnstrinl art^ was opened with a ^{lec-ial view. 

SPECIAL tiXaiBITIONS. 

The sHiueati™Hl efforts of the Sluijeum were most notably served 
by several large and important special exhibitions. Supplementing 
the armngements for the meetings of the Congress of Americanists 
and afEiliated eocioties during convocation weck| an interesting 
installation was made of material relating to pertinent subjects. 

During the week of February 21“2T the foyer, with three of its 
communicating rooms, was oceiipied by one of the most remarkable 
and mterc^titig Government exhibitions that has ever been assembled. 
Having as its theme the “ safety-first ” idea, it was participated in by 
20 bureaus, the American Ifational Red Cross Society, and the Aletro- 
politan ptiiice department, the activities of aU of which are primarily 
for or comprehend in a uiarked dogreo the safeguarding of life ond 
proi>erty, as well as the prevention and care of disease. Although the 
available area w^as restricted the display proved most effectives and 
satisfactory, as it wa& also comprehensive^ probably nothing in tha 
Govemnient service relating to ** safety first having escaped some 
reptvaentaiion. Attention wus widely called to the exhibition in ad¬ 
vance. Tlie governors of States were notified of the nation-wide 
aspect of the exposition, one of the rcsult4i of wliich w'as to bring 
about a meeting of State mine inspectors in the Aluseum, and manu¬ 
facturers and operators from oil over tAc country were invited to be 
pres»ent. The total attendance of visitors during the week was 
35 , 447 . 

The exercises coiiiitiemorflting the centenary of the Coast and 
Geodetic Survey, held on April 5 and fl, were supplemented by an 
exhibition m tlie foyer, the purpose of which was to illu^rate the 
applianceE and methods used and the results obtained in both it 3 
marine and geodetic work during the 100 years of its existence. Tlie 
material was admirehly selected and flrr;inged, constituting one of 
the nio^ complete and instructive speckl displays ever installed in 
the Museum. 
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Tlifl modii'U and drawings submitted in competition for tbe monu¬ 
ment nt Fort McHenry, Baltimore, in memory of Fmneis Scott Key, 
author of the “ Star-Spangled Banner,” and the soldiers and snilors 
who participated in the battle of Korth Point and the allEick on 
Fort McHenry in the War of ISIS, were arranged in the n>tundii 
of the new building, whcr«, after liaving been passed upon by the 
jury of awards, they were exhibited to the public from hlay 17 to 
June 1". 

The exhibition of -American industrial art, held during the spring 
and summer of 101 r> under the auspices of the iVmcricun Federation 
of Arts, was repeated as a feature of the seventh convention of this 
association, being opened on May IT, 1016, and continuing for one 
month. The foyer and five of its communicating rooms were occu¬ 
pied* The exposition was designed to bring together examples of 
art on industrial lines, both hand and machine made,-to show what is 
being produced in this country, and thougli not exhaustive in any 
particular, some of the best-known art workers of the country par¬ 
ticipated, and it was felt tlial a fairly high standard had !>een 
maintained. 

Following the close, of the Panama-Pacific International Exposi¬ 
tion on December -t, and in accordance with an act of Congress, a 
large part of the Museum's ethnological exhibit was transferred from 
San Francisco to the Panama-California International Exposition 
at San Diego, to be shovm there until the end of the calendar year 
1016. The selection made for this purpose consisted of four large 
family gi-oups of Eskimo, Z>ilu-Kaflirs, Caribs, and Dyaks; miniature 
dwelling groups of iiboriginal peoples in many parts of the world; 
four cases of artifacts; and a set of lithographs from Gatlin’s North 
American Indian paintings. 

U 1SCELLAXEOCS. 

Duplicate material to the extent of over T.OOO specimona, classified 
and Libeled for teaching purposes and arrangevl in SHJ sets, was dis¬ 
tributed to schools and cofieges, the subjects principally represented 
being rocks, minerals, ores, fossils, and recent molluaks. For obtain¬ 
ing additions to the collections through the medium of exchange, 
about 0,400 duplicates, chiefly from the natural-history divisions, 
were utilized- A large*number of specimens were sent for study to 
collabomteire of llic Museum and other specialists. Tlicy coTUdsted 
mainly of plants, recent animals, and fossils, and were contained in 
lU lots* 

Tlie attendance of vimtors st the new building aggregated 316,707 
for week Jays and 64,521 for Sundays, being a daily average of 1,012 
for the former and of l;340 for the latter. For the older htuiseuin 
building, which is only open on week days, the total was 146,050 and 
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the daily avcrag? 4^^ Thi^ hnlls in ilie SmitfaBoniim buUdmg'} wtiii'h 
^erc closed for rcnoTntioa during nbout £ve months^ receiT^ 48^17 
visitors 

The pnhiications of the ye&r cutnprbed S volutnes of Proceedings 
and 4 Btiltctins^ besides the annual roport and 5^2 ^parate papers 
belonging to the series of Proceedings anil Contributions from the 
Xational Herbinnuiii. The total diatiihution of iluseum pablications 
aggregated 73Jt>8 copies. 

Tlirougti the addition of 1^95 volumes, 72 parts of volumes, and 
2^73 pamphlets^ the number of volumes m the Museimi libmrj wns 
mcrefloed to 4T3Tl3>t and of pamphlets and unbound papers to 79,24L 
RospccLfnUy subuiitted, 

Bichaoo Rathdun, 

Assittattf Secretarj/ in Charge^ 
United Staies ^ati^nal Museum. 

Drp Charles TVALcoocr, 

Secretnri/ of the SmUfuordan histituil&tu 

OcToaER 30, 1916. 


ArrtiNDrs 2 . 

REPDBT OX THE BUREAU OF AMERICAN ETHNOLOflY. 

Sm: I hare the hc^nor to Eiibmit ibe fallowing report on tbe opera- 
tioDS of the Bureau of ^Vincricnn Ethmologj' during Urn year 
ended June 30^ 1916^ eondui^ted in tiocordanco with the proTision of 
the act of Congress approved March 3^ 1315^ making appropriatmns 
for the simdry cii'il expenses of the Government^ and with a plan of 
operations siibmUteJ by the ethnologist in charge and approved by 
the Secretary of the Smithsonian fn^^tittiiion. The provision of the 
act authorizing the researches of tlic bureau is as follows: 

AnuTlcan : For coDllnuIni; eUioolciittcai ri!»i?aft'tii±a aawaa tlie Amcr^ 

lean liMlInns mnii Lbe natives of Zlawan, IneZudLos tlie excavqtlna nnd iirestomi' 
non of KTctmoloj^lc moAltia, amler the direct Eon cf the SmtthJson Eau lantltuUim^ 
laetaitlDK Etceea^arr oiunleyeefl nivX the ourehaw of ncr'cssEsoi-y hootta anil pcrltMlU 
Slim f42.000. 

Mr* F. Hodge* ethnologist in charge^ devoted most of his ener¬ 
gies, as usual, to aibrnnistnitive tiffairs; HoweveFt m pursuance of a 
plan for cooperative archeological research by the Bureau of -iVmer- 
ican EthnologTK^ and the Museum of the American Indian (Heye 
FoundMtion) of New York* Jfr. Hodge early m July joined Mr* 
George G. Heye^ of the muBcuui mentionciJ, in the excavation of the 
Xacoochee mound in lAliite County, northeu^em Georgia:^ liermis- 
sion to investigate which was liccorded by tlie owner, Dr* fj, G. 
Hardman^ 

The Nacoochee mound is on earthw^ork occupied by the Clierokeo 
Indians until early in the nineteenth century* Tlic name “Xacoa- 
chee/^ however, U not of Clierokce origin; at lea^ it is not identiJi- 
able by the Cherokee as belonging to their langtiiigo* and by no means 
does the word signify “the evening star^ in any Indian tongue, as 
one writer has claimed*^ 

Tlic summit of the rnoiindf winch bad l^n leveled for vuUivatioiL 
about 30 yc^rs ago, measured B3 feet In maximum and about 9T feet 
in minimum diameter: the height of the mound above the adjacent 
field was 17 feel 3 indies, and the circumference of the base 410 feet* 
Tliesc tneasurementa are doubtless less than they were at the time 
the mound was abandoned by the Cherokee, as all the ilimensions 
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liBve been more or less reduced by cultivation, the slope at the base 
ptiilicularly haviiig been plowed away for several feet- The jnound 
was reared both for domicile and for cenaetoij purposes and was 
composed of rich alluvial soil from the siirronnclinu fiohL Eicava- 
tion determined tlmt the mound was not built at one but evi- 
dcntly at different periods, ns circiimslanoes demanded. Tliia was 
abow ti plainly by the stratification of the mound soil, the occarrenee 
of graves at different depths with tindiaturbcd earth above them, the 
presence of fire pits or of evidences of fires throughout the mound 
lit varying levels, and by the finding of a few objects derived from 
the white man in the upper part and in the slopes of the mound, but 
not in ihfl lower levels. From this lust ol^scrvation it is evident that 
the occupjmcv of the motmd estended well into the historical perioib 
n fact supported by the memory of the grandparents of present resi¬ 
dents of the Naeoochea Valley, who recalled the mound when tho 
Cherokee Indians still occupied it and the mirroimdiug area* 

The fact that the mound was used for burial purposes ia attested 
by the finding of the remBins of 75 mdividuals during tlic course of 
the excavations, the graves occurring from slightly beneath the 
summit to a depth of obout 10 feet, or below the original base of 
the mounds These graven wUh few exceptions, were unmarked, and 
in most instances were not accompanied with objects of c^mony or 
utility. The exceptions were those rcmtiins with which were buried 
stone irnplcmfints, shells or shell ornaments, a poking pipe, a pot^ 
tery vessel, or the like. The skeletons were found usually with tho 
head pointe^l in en eastwardly direction, and were ell so greatly de^ 
compo^d that it w'as impossible to presen^a any of them for measure- 
tnent and study, the bones in most cases consisting of only a pasty 
iimssu 

As mentioned above, most of the buriiilg were unmarked. The 
exceptions consisted ©f two graves incase<l and covered with si aba 
of stone, both unearthed near the very ba&e of the mounil One of 
tliG^c fit me gnives contained a skeleton the bones of which were 
Inrgely of Iho consistency of com meal, owing to the ravages of 
insect^ but w'bat was lacking in the romalns themselves was more 
than compensated by the finding near tlie skull of a beautiful effigy 
VOS© of painted potter}', the only piece of painted ware, whole or 
fnigmimbiry, found in the entire moimd. The occurrence of this 
tnie of vessel and the presence of the stone graves nt tlie bottom of 
tlie mound suggest the possible original occupancy of the rite by 
Indianx other than the Cherokee. 

Perhaps the most remarkable feature of the mound was the largo 
number of sineking pipes of pottety% mostly broken, but m amny 
forma and of varying degnaes of workmanship. Some of tlie pipes 
are of excellent texture and are higlily ornamented with conven- 
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tionallziKl figures of binls, fir markoii with meised closigns* An¬ 
other feature of tlto mound wils the presence of a great amount of 
broken potteiy, especially m the tt^fusc ot the biise and covering tlie 
slopes, Tim pottery is chiefiy of fine texture, nlthoiigh some of the 
rooking vessels sro of coarse Vi’ara* With tho exception of the 
painted vessel above noted^ the only ornninentation applied by the 
makers of the pottery conast^ of indsed and impressed designs, the 
latter made usiinlly with a paddle of clay or wood^ or worked out 
in the moist ware before firing by means of a pointed tooh a spatula^ 
a piece of cane^ or a shelL 

In pursuance of another plan of coo|3eratire artrlieologicfll research, 
Mn ilodgo, in October, vialted Zufii, X. lfcx„ with Mr. Ileyc, for the 
{jiirpoge of etamlnirig the ruins of the historic pueblo of Hawikuh, 
in Uie Zuni Talley southwest of Zuni pucblOi and of making the nec¬ 
essary arrjitigements with the Indians for its excavation. This site is 
of great archeological and hlstoTical intend, as the pueblo was in¬ 
habited when first seen by Fray Marcjos de Xiza in 1539^ and when 
vifated and stormed by Coronado in the following yean It beearae 
the site of an important Franciscan mis^on in 1(139. and was finally 
abandoned in IfiTO on aijeount of depredations by ho^iilc Indians. 
By reason of the fact that llawiktih wns inhabited continuDiislv from 
prchiKtoiTc times imti! 130 years after tlie opening of the historical 
peiiodj it is expectefl that a thorough study of its ruins will shed 
important information on the effect of the earliest Spanish contuct 
with the Zufii people and will supplement archeological work con¬ 
ducted in other village sites of that tribe. Owing to unforeseen eir- 
cumstancesi active work was not commenced before the rlo^ of the 
fiscal 3‘ear, but it is hoped that its initiation will not he long delayed- 
A perniiit therefor has lieen granted by the Secretary of the Interior^ 

By provisional agreement with the School of American Arche¬ 
ology at Santa Fe, X. lifex.^ and llie Boyal Ontario l^Iuseum of 
Archaoology at Toronto, plans were perfected wUerehy the Smith¬ 
sonian Institution, in conjunction mth tliose establishments* wiia to 
conduct archeological researches of an intensive characler in the 
Chaco Canyon of northern Xew Me.vico^ one of the- most Intportant 
culture areas north of Mexico, Althongh every effort was made to 
obtain from Congreea the necessarj^ approprUtlcm for meeting the 
Institution's share of the expense (a permit for the excavations baT- 
Lug been issued by the Secretary of the Interior), the project was 
presented too late for action, hence the wort, so far as the Smith- 
soniun Institution is concerned, has been necessarily postponed. 

As opportunity offered, the preparation of the bibliography of the 
Pueblo Indians was continued by Mr. Hodge, who also represented 
the Smitlisonian Institution ns a member of tli© United States Geo¬ 
graphic Board, and the Bureau of American Etimology at the mcct^ 
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ingB of the Smithsonian adv-isorj' conimittJi^ on printing and publi¬ 
cation^ 

Dr. J. Wnlter Fewkes^ ethnologist, having been detailed to eon- 
tinue the excavation nncl repair of preWstoHc mins in the 
Verde Nntionnl Farkt Colo., under the joint auspices of this Bureau 
und llie Department of the Interior, left Washington for that locaOty 
in Augufitj and remainecl in the park continuoTisly until the 

dose of October^ Dr. Fewkes devote<I his attention mainly to a largo 
mound of stones and earth situated near the pohit of a promontory 
oppodto Cliff Paiacet across Cliff ConyoUj tlie excavation of which 
revelled u type of stnicture hitherto unknown in the Me^^ Verde 
Xalional Park, and architcetunLlJy different from any that had been 
previously excavated in the Southwest Tlie rooms of this building, 
which Dr. Fewkes designates ofi ^Sun Temple,” were thoroughly 
cleared out, tlie debris removed, and tlie walls were repaired in streh 
manner that they w ill not bo likely to deteriorate for many years* A 
report on the work of excavation uml on tha structui*al features of 
this interesting buUdjag forms the subject of an illustrated pmuphlet 
publishetl by tlie Department of the Interior in June, lOlG, under the 
title “Escuvation ond repair of Sun Temple, Jlcsa Verde National 
Park.- 

Structurally the Sim Temple consists of tw^o parts—an original 
building, to which an annex is ^ united as to give the two a D- 
rimpe ground plan, the southern or idiraight wail of wliicb extends 
almost exactly eafit-vc^. Hiis wall tacasurca 131 feet T inches in 
length; the highK?t w all of thestructiii^ is IX feet 7 inches, the lowest 
5 feet Tfio walls ore magaiva, varying in thickness from 2 to 5 
feetj and arts composied of a core of rubble faced oa both ridc^ 
the exposed stones having been carefully fasliioned by hand and 
accurately fitted, aUhough, ns in the case of pueblo mueonry gen- 
eridly, the stones are usually neither “broken’^ at the joints nur 
bonded at the comers. NBveiihelc?as the walls of the Sun Temple 
display excellent structural qutilities that will compare favorably 
with any of its class north of Mexico. Arclntcctually the annex re- 
sexiibles certain towerdike structures in the ancient pueblo region, 
and in plan the whole ruin bears re$embhince also to Pueblo Bonito 
in Cbaro Canyon, N. Mex. 

Tlie building coutaina throe circular rooms resembling kivaa, 
or ceremonial chamberu, still used by some of the Pueblo Indians, 
and many other rooim of un\i5ual shape and doubtful significance. 
There was no indication that the Sun Temple had been roofed; 
indeed, there is strong evidence that the eonstnictinn of the buildings 
was never finislied. Dr, Fewkes w^os not able to detertnina the age 
of the Sun Temple, but he is of the opinion that it was built later 
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than Cliff Palace. One evidence of its antiquity, hoitrever, was 
bbseri'ed, namely, a cedar tree growing from the top of the highest 
walla was found to have annual rings of growth, indicating that 
it sprouted r few years after Coronado led his expedition into the 
Southwest in 1540. 

The builders of the Sun Temple are supposed by Dr. Fewkes to 
have been tlie former cliff dwellers of the neighboring canyons. 
As to its purpose, he is of the opinion that the building was used pri- 
niaril 3 ' for worship, but that like other temples among primitive 
peoples it was intended secondarily as a place of refuge in case of 
attack, and for the storage of provisions. Tlie im]}ression of a fossil 
pulm leaf on the comer stone at tiie southwestern angle is believed to 
mark a shrine where rites to the sky or sun god were jterformed loikg 
Iwfo'ie the temple was built It is this supposed shrine that sug- 
gested the name for the edihee. 

On tJie completion of the excavation and repair of tbo Sun Temple, 
Dr. Fewkes similarly treated Onk tree House, a cliff dwelling in the 
precipice of Fewkes Canyon above which stands the Sun Temple. 
A Collection of artifacts found in this dwellii^ was gntliered in the 
cout^ of the excavation and later deposited in the National Museum 

En route to Washington, Dr. Fewkes visited the so-called “ Burled 
City of the Panhandle,'’ on Wolf Creek in Ochiltree County, Tex., 
which had been reported to the bureau by residents of tlie neighbor¬ 
hood and bad become locally celebrated. The remains examined 
hardly- justify the name given to the site, which in former days was 
need us an encampment by wandering In di ans rather than bj' sed¬ 
entary people. Dr. Fewkea's attention was dmw'n also to a supprisicd 
artificial wall which gave name to Ttockwall, not far from Dallas, 
Tex., but on examination this was found to be a natural Siiiidstojic 
formation. 

Dr. Fewkes returned to Washington in November and immedi¬ 
ately prepared a report on his siumner’s work in the ilesa Verde 
National Park for the use of the Department of the Interior, an 
advance eununary of which, issued by the department, was widelv 
published in the newspapers. An account of the excavation and 
repair of Oak-tree House and Painted House, the largest cliff ruins 
in Fewkes Canyon, was also prepared for publication. On the com¬ 
pletion of these tasks Dr. Fewkes devoted the remainder of his lim¬ 
ited time to the preparation of the extended memoir on The Aho- 
rigines of the West Indies for publication in a report of the bureau. 
In June be again departed for the field with the view of initiating, 
before the close of the fiscal year, an inquiry into the archffiotogical 
evidences bearing on Hopi legends that ancestors of the clans of the 
ancient pueblo of Sikyatki lived nt Tebungki, or Beshbito, an oval 
ruin IS miles east of Kearns Canyon, Arus. Dr. Fewkes visited and 
'jasao’^M loie—s 
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surveywl the min Hiitl made photcjgniphs and notes thereof. He 
UkewL^ int^i gated certain large ruins east of Tebungld^ on the 
anrient trail of migration from Chaco Canyon^ and traced for some 
distance the prdiistoric trail running from San Juan Valley soutli- 
'srard past the great ruins, ns yet undcscribcdT near Crownpoint, 
N. hfex. 

During the months of .Iidy to December, 1015, Mr, James Mooney, 
etiinologist, continued to do’rote most of his attention to the prepar¬ 
ation for publication of the Cherokee Sacred Fominlas, Including 
transliteration, translation, and esplanation of each formula, with 
complete glossary' and botanic inde^. These formulas, collected by 
Mr. Mooney on the East Cherokee Reservation in Xnrth Carolina, 
are written in the Cherokee language and alphabet and held for 
tlicir own secret use by prietda of the tribe, most of them long since 
dend. Tliey consist of prayers, songs, and pre^riptiona, dealing 
with medicine, love, hunting, fishing, agriculture, war, the ball play, 
^If-protection, etc. They number in all between 500 and 550, con- 
tamed in several manuscripts, aa follows; 

L Ga^iificantuH <“Be!t,” dinJ IBSS).—ISO Ka a large blacLk book of fool^p 
slxcp ami utberj on separate of the same size, eloBal^r wrlftea; tiSO la 

nil. <lbtalaefl froai Ills bcu. 

± l"* Swiiamtr^'' tITeU ISDO).—Written In an uapa^ei! blank boak of 

2-12 paacK, 34 Tiy r2 tncliGs, only partially flJlqd^ ISJ in nil Obtained from iiln> 
aelf and tmnatlteratcU and fraiiBlated wltb fiill eK pinna don from Hi dUtiitlcD 
in 1SS5. 

3u A^icoiii^b V* Toting Deer^^' died about 1^02),—34 wrlttes on oepamte abeeia 
iLDd obtalacU from lilni Id Tmiu^lbeU lat^ inta No 4. 

i TMitkica C" Blrd,^ died 18®).—32. dletatod from dentlibcd and with other 
fiirtuulaa wrlttcu out Id rcgulur faalilDn, with Itulei, la a blank book of 2i0<i 
S br 10 laebea, by bl& Def>lJow, W. W, Lua^ (WnivFcstl), ta li83&. 
fi. (^^Cutawba Killer" died about 1830.—Written out from Mb 

lUelatEou by \\\ \%\ Lon^, In Ko. 4^ la 13®; U la olL 
d {died ISOO)*—10 ta aUi tnitether with a Cbamkefr Kp gU sh Tocabur 

lary la Cherokee rharaetert and ottiEu- mlacellanyi eoatalned la an unpaged 
blnnk book. S by 1-t laches. Obtained In 18S9 from his widow, AjAstn, mother 
of W. W. Lon^;. 

I, Other form^loM orl^iimlly written by Tahtl (''Blade Poi/* died aboat 
1SS03. YftDflisOJo^rl p^CUmtilng Bear/^ died 1004. DOnltmil P'Tweter.'^ atUI 
Uvin^), AySatit {^ Spoiler,^ died lUlO), Aganatata i^Croandhog^ Heat." atm 
living), and othersi moetiy traoscrlbed into No. 4. 

a A Uirtfe number of dance oeremoaliQ addresses, CItU War leitora 

from Cherokee !a the Confederate eenice* coiiadl records, etc, aU In the 
Cberokeo Lao^aa^o and characters. contaJned In vartoua orlehuil blank book 
tsanascrlpta and latter she^ Some of these have bean troDaertbed Into No, 4. 
and many of them might properly appear wiih the Sacred Fomulafl^ 

^ Of nil this material, about 150 formulas, lucludiug the entire 
Swimmer book, Xo, 2, wero traoslitemted, translated, and anno¬ 
tated and gtossarized, with Swimmer's assistance, in lSS8-80« Of 
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thfc®, 23 spE^imen formtilas were published in ISfll in Sacred 
Fornmlas of the Cherofcees,"^ in the SsA'entlv Antiitial Report of the 
bureau- The numii^ript glossary for the whole 150 fcmulfis num¬ 
bers about 2.000 wortis- 

All the other formulasj together Trith the more important miscel¬ 
lany noted under Xo- Sj were transHtemteil and translated with inter¬ 
linear translation in the summers of 1011-14, together with eitcIi 
ndditional osplanation os might be furnished by surriYiag experts. 
Also some 500 or 000 plants noted in the medica] prescriptions IniTe 
been collected in the field, with thi ir Cherokee names and uses, and 
the botanic identification mxide by assistance of the botanic of the 
Xational Mosetmi. This entire bedy, exclusive of Xo.2 completed^ is 
now* In process of Jinal transcription and elaboration, with explana¬ 
tion, botanic appendix, pud glossary* Most of the work at present is 
being ilevoted to the Gadfgwatiasti ntanuseript, but the interdepend¬ 
ence of the foiTDiilas ncccsdtates frequent shifting from one to 
another* Tlic glossnn^ proceeds incidentally with the final transla¬ 
tion, hut more slowly as the full import of the words l^ecomts mani¬ 
fest Many of the words and expressions are teclmical, symbolic, and 
in nrehaic and unusual dialectic forms, witli corresponding tlifEculty 
of interpretation. The coinplete glossary wUl probably comprise at 
least 4,000 word^ 

The botanic section will cousin of a list of all the plants used in 
the formulas, os stated, and of some others of sjjocjuI importance, 
witli their Indian names and meanings^ fiotanie identification, and 
Cherokee uses as deduced from the various forroiilas and from direct 
infornmtlon. 

An explanation of the method and significance of the ceremony, 
the prepaFation of the modjcinc and the maxmer of its application 
will accompany each formula, but this work is deferred to the end, 
to insure symmetrical ti'catment without unnccie®ary repetition. 

It U planned to have one or more introtluctory chapters explana¬ 
tory of the Cherokee mjtholog}', beliefs rclatirig to the spiritual and 
occult world, ceremonial observances, initiation of hunters, and oLticr 
matters illustrative of the formuLis, together with parallels from 
other tribal ayatems, and also a chapter explanatory of the peculiar 
linguistic forms. 

More than 200 formulas have received final form. The finished 
work will fill at least one large report volume and require a year for 
completiort 

In July and August. 1^15, Mr. Mooney gave considerablo time to 
furnishing information and suggestions for the proposed Sequoja 
statue intended to constitute Oklahomals contribution to the Capitol 
gallery. The usual number of letter requests for miscellaneous in¬ 
formation also received attention* 
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On May 27 ifr. Mooney proceeded to western North Carol'ma for 
the purpose of continuing Lis Cherokee studies, and at the close of 
the fiscal year was still in the field. 

Dr. John 11. Swanloh, cthnologisit, devoted the greater part of the 
year to his memoirs [tertaliung to tlie Creek and Associnte<l tribes, to 
which reference was made in the lost report. The first of these, 
dealing tvith the habitat and ckssilicntiou of Ute former Houtheaatem 
Indians, their history and {ajpulation, is nearly completed; it consists 
of upwurd of 750 typewritten pages, exciusivo of the bibliography, 
all of which has been put in order and annotated. Some new mnnu- 
script sources of information have recently las'n disfoverwl which 
will make furtJier additions ncccssaty'. but with this exception the 
text is noiv complete. Six maps are to be used in illustration; two 
of these, which are entirely new, are now being made, «nd the others 
are to be reproductions. The second paper, to cover the social ot^nl' 
xiition and social customs of the Creeks and their neighbors, has 
likewUe been arranged and annotated, but U is being held in order 
to incorporate the results of further field research. 

F'rti'm the end of September until the latter part of November. 
1015, Dr. Swanton was in Oklahoma, where ho collected 113 pages of 
Natchez test from one of the three surviving speakers of tlie lan¬ 
guage; ho also spent about tliroe weeks among the Creek Indians, 
where about 60 pages of myths in English were procured. Further 
ethnological material was also obtained from the Creeks and from 
the Chickasaw, to whom n preliniinair visit was made. While with 
the former people Dr. .Swanton perfected arrangements with » young 
man to fumisli texts in the native language, which ho is itbJe to 
write fiuchtiy, and in this way ITS pages have been submitted, not 
incliidtug translation. From Judge G, W. Grai'son, of Eufonln, 
Okla., to whom the bureau has been constantly indebted in many 
way.s was obtained in Creek and English, and also in the form of a 
dictaphone record, a speech of the kind formerly delivered nt the 
annual foaJiUuy or btiak, ceremony of the Creeks. From an Alibamu 
correspondent, referred to in previous reports, some additions to the 
Alibamu vocabulary and a few pages of Alihsmu test were procured. 

At the beginning of the fiscal year Mr. J. N. B. Hewitt, ethnolo¬ 
gist, transcribed and edited the Seneca text “ Dooa’daiie'ge“’ and 
HotkwbdadegS''*a; making 4:5 pages, to which he added a literal 
Inteflinear translation that required more than twice as many Eng¬ 
lish words as Indian, the whole being equivalent to about 180 pagesL 
This text is a part of tlie Seneca material now in press for the 
Thirty-second ^Innual Report of the bureau. Mr, Hewitt also read 
for correction, emendation, and expansion, the galley proofs of Cur¬ 
tin's Seneen material, and prepared more than 50 pages of notes and 
additions for the introduction and also for the text; he also has ready 
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tioi^ and corrections for the proofs still to come. From utiediteci 
text Mr. Hewitt completed a free traDslatiou of 32 of the Onoo- 
il.ign Tersion of the “requickeniiig address’^ of the Eitnal of Con¬ 
dolence of the Li^ague of the Iroquois, being a part of the materia! 
for Ilia projected memoir on the lrof[ilolB Leogue, 

After the miiterial of the Seneca legemls hud h^mti submitted for 
printing, Sir. Curtin^s field records and notes, made while recording 
this materialj came into possession of the bureau. Mr. Hewitt de¬ 
voted much time to rondiug and cjcamitiing this undigested material, 
some 4,000 pages, for the purpose of a^soertainiug whether part of it 
diuuld be utilized for printing or for illustmtive purposes in what 
was already in ty]>e* This examination yielded some good material 
for notes and inlerpret!ition& but only small return as to new nm- 
teriul for printing. 

In the early autumn Mr- Hewitt made special preparations for the 
prosecution of fiidd work on bis projected memoir on the League of 
the Iroquois, by tentative editing and copying of a number of 
Mohawk und (Jnondiiga texts recorded hastily in the field in pre¬ 
vious years, Tlie following parts of the Eitnal of the Condolence 
C'ouncil were thus typewritten: The fore part of the Ceremony of 
(Condolence, chilled '^^IJcside-The^Forest,” or “ liesidc^Tlie-Thickot,” 
in ^loliawk; tlie so^lled Eequickening Address,^’ jn tlie Onondaga 
vei^ion, and a!s«> the explanatory ^introduction*^ iind the “reply 
in Onondaga to the Ihjside-The-Forest^ address already noted; 
and the instaltation uddiess in Onondaga, ntade by Ik^kanawida to 
the liiSt two Seneca leaders to join the League, wa^ likewise edite<] 
and typewritten. Mr. Hewitt also devoted much study to other 
parts of the Ijcague material, for the purpose of being able to die- 
cuss it intdligently and critically with native informants. Some of 
the most striking reirulta of this yearis field work are due to this 
preparatory study of the material already in hand- Mr. Hewitt spent 
many days in tlie oBice in searching out and preparing d&ta for 
replies to correspondents of the bureau- 

On April J7, IDIO, Mr- Hewitt left Witshington for the Six Nations 
reseri'ft near Brantford, Ontario, for the jmrpcee of resuming field 
work, having in view primarily the putting into fimd form of the 
Onondaga and Mohawk texts pertaining to the League of the Iro- 
qunk, recorded in former years. These texts cover a wide range of 
aubjects uml represent the first serious attempt to record in these 
languages very technical and highly figurative language from per¬ 
sons iinacciLstomed to dictate connected texts for recording- These 
te.xt embody laws, dcobfona;i rituals, ceremonies, and constilutlcnal 
principles; hence it is e^ntial that correct verbal and grammadc 
forttui tje given. 
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One of the most impomQt results of 3ir. field studies is 

the denioiiiiLmthjn contrary to ull Available n^ritten records and 
T 4 triaus printed at.'oounts tbere were never more than 49 fed o ral 
civil chiefe of the l 4 ?Agtie of the Iro^uolej and that the number 50^ 
due to iiii5C!Oticeptipii of the meatiing of ordinary tennis by Tbopcuis 
Websiter of tlie Xctv York Onondaga, who diet! about ZO years agOj 
is modem and unbistoricaL This false teaching has gained credence 
because it arose oiJy after the dissolution of the integrity of the 
League of the Iroquois in the je^rs following its wars with the 
United States, when most of the tribes became divided^ some remov¬ 
ing to Canada and some remaining In New York StatC;^ a condition 
which naturally fostered new interpratations and newer vemojifl of 
older legends and traditiona. 

Mr, Hewitt also recorded a Cayuga versjofi of tlie so-caIIlhI Dekan- 
awida tradition, comprising IfiO psge^ of tcNt^ dictated by Chief 
John II Gtbsoo, which purports to relate the events tliat led to the 
foimding of the I^eague or Confederation of the Five Troquoin tribe-s 
and the part taken therein by the priticipat actors. In tUs inter¬ 
esting version Dekanawida is known only by the epithet *^The 
FatherleSis,^' or literally l\Tio is FatUerlcs,^^ whieli emphasises 
the prophecy that ho would bo Imni of a virgin. In this version 
“The Fatherlessis represented as ostablisliing among the 
Cayuga tribesmen tho exact form o£ government that later ho 
founded among tho F"ivc Iroquois tribes, Tt is said tiiBl the Cayuga 
pitiably limited the ecope of that form of government^ and tltereforo 
its benefits, to the Cayug:i people alone, for the Cayuga statesmen ditl 
not conceive of its applicability to the affaii^ and welfare of all mem 
And so, thia tradition affirms, it became needful that “Tho Father- 
loss ” return to tho neighbor tribes of thci Cayuga to establish among 
them the T^^aguo of the Five Tribes of the Iiwiuoia, which w'a^s de¬ 
signed to be a!iarcd by all the tribes of mon. Tills event is men¬ 
tioned in the other Bekauawida veraions. 

Tliia Cayuga version also purports to explain the origin of the 
dualism lying at tho foundation of all public institutions of Iroquois 
peoples, by attributing tiro first stich organizetion among the Cavuga 
to two peraons who were relate<l to each other as “ Father and i^n,” 
or “ilotber and Daughter,^ and who agreed to conduct public 
affairs jointly. This filatement of course is somewhat wide of the 
markp because it does not exjdain tbc existence of similar dualisms 
among otiicr tribes such dualisms resting commonly, in the social 
organisation, on tlie driimati^ation of the relation of the male and 
female principles m nature. 

Mr. Hew itt wajs also able to confirm another radical exegesis of a 
part of the mstallntion ceramony of the Iveague of the Iroquois 
as fif^t proposed by hiuiself. Tliia deals with the significance and 
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the correct iratisktion of the Tjcnrds of the famous "Six Songs'' of 
this ceremony. All other interpreters who buTe attempted to trans¬ 
late tliese words bflTe assumeti tiat these sotig^ are “ songs of greeting 
and welcome,"*" but Mr, Hewitt, solely oxt griuninatic gi^iinds and Uie 
position of tliese songs, regards them rather as “songs of parting,’^ 
or “ songB of farewell," which are dramaticolly sung by an imperson¬ 
ator for the dead chief or chiefs. 

Mr. lIcvvjLt also recorded, in the Onondaga dialect, a short legend 
deseinptlve of the three Air or Wind Beings or Gods, the eo-called 
IIohdu"'i^ tbc patrons of tlie Woodemmask or False-face Society* 
w hoi! 5 c chief function is the exorcism of disease out of the community 
ami out of die bodies of ill persons^ aiiotlieron the Medicine Flute; 
another on the llusk-mask Society; iind another on the ruotcasin 
game used at the wake for a dead chief: in all more than 100 pages of 
text not related to the material dealing with tlia Irofiuois Ijeague- 

While in the field Hr. Hew itt purchased a number of fine specimens 
illiistniting IrCHjuols culturcj exhibiting ail of a liigh order; the^ 
consist of a wooden colored black; a hnsk-mask; two small 

drums; a medicine flute; a moccasin game used at a chiefs wake; 
u pair of deer-hoof rattles; a born ratllc' umi a sipiiifeh rEiltlc. 
During tlio time he was in the field, until the close of tha fiscal year, 
Jfr* Hewitt read, studied, correctctl, and amiototetl about SfiOQ lines 
of text other ihnu that mentioned above, and also made a nuxnK^r of 
phologTuph:? of Indians- 

Mr. Francis La Fleschc, ethnologist, was engaged in nsseinbllng his 
notes on tho rites of the Osage tribe^ Up to Uie month of Fehruary, 
280 pages of the ritnid of the Fasting degree of the war rites were 
finishes], completing that degree, which comprhje^ 402 pages- Tlio 
tlatlind^e, or Rush-nuit degree, was next taken up and coinpleted; 
this degree enrera 104 pages. The Child-naming ritual was then 
commenced, and 21 pages have been finislicd.^ 

In September, while on leaTB of absence, Mr* La Flesche was visited 
on the Omaha rcsenation by Xutha Wato^i*^ of the Tsfzhu ’Wano® 
gens, who gave a description of the Wiishabc Athi", or war ceremony, 
as he remembered it- With tills description he gave 5 wfgie and 14 
songs. The wigie and the words of die songs have Wn tran¬ 
scribed from the dictaphone but arc not yet typew^ritlen, and the 
music of the songs has not yet l>ceo. transcribed. A number of 
Eioricst also were obtained from Xuthil M'^ato^i", among them that 
of the Oaige traditional story of the separation of the Omaha uuJ 
Osage tribes. Xuthii 'Wato“i" died soon after his return home, liis 
death being regarded by many as confinning the old-time belief thnt 
anyone who recites informally the rituals associated with these cere* 
momes will inevitably suffer dire pimishmenL The deaili of this old 
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miiD 6l>oitly lifter giving tlie rituals lia» therefore udtfed tu iJic dilB- 
ciikies utteuding the tnak af recording these uncient rites. 

yotivitLstaDding these obstacles, 5tr. Pleselie succeeikil, during 
his visit to the Osago Besenatton in April end May, in securing 
from old Sho°''gemO°'i* tlie version of tlie Fasting ritnnl belonging to 
the Tslithii Peace gens, of whicb he is a member. The wfgie and 
the words of the songs have been transcribed from the dictaphone, 
but are not yet tyjKwritten, and the music of the songs is also to be 
transcrilakl. Sho’*'gcmo"i“ likewise gave the Cliild-naming ritual 
belonging to his gens, in whicb there are two wfgie, one containing 
^7 lines and the other 94. In addition to these rituals, Sho^'- 
gemo^'i*, after considerable hesitancy, recounted the “.Seven and 
Six" (13) coups he is always called on to recount when any 
Xo'''ho^i"gn of the noi'''ga division performs the esremonies of 
some of the war rit<s. For this service he is paid a horse and 
goods amounting in value from $125 to $150. 

Mr. La Flesclic also secured from lYasthfzhi informotJon concern¬ 
ing the duties of the two hereditary chiefs of the Osage tribe, the 
gentes from which they were chosen, and bow their orders were 
enforced. He also obtained from Wat^mo'^i* two wfgie, one rccihnt 
by him nt the ceremonies of the war rites, and the other by the 
Nd'ho'alil'gii of the Hd^ga Abiuto” gens. 

Til these studies ^Ir. La Flcsche w'as materially assisted by 
Washdslie and his wife, who have both overcome their aversion to 
telling of the rites. Washuahe rcsigtiet] fnim the K'6^]iO°j!hi*gn 
order because of the injustice of its members toward a woman whom 
he selected to tveave ceremonially the rush-mat shrine for a waxobe 
W'hen he was taking the ^athadse degree. Tliis man presented to 
^Ir. La Flesche a nuteiUDnic stick owned by his father and gave the 
titles of the groups of lines marked on the stick, each of which 
represents a group of songs. This mnemonic stick will be placed in 
the National htuseum with the Osage coUeetbn. 

^Ir. John P. llarrington, ethnologist, spent the entire fiscal year in 
making an exhaustive study of the Indians of the Chumashan lin¬ 
guistic stock of southern California. Three different bases have 
been established for working with informants and elaborating the 
notes Tlie period from July to October, inclusive, was Epent nt 
San Diego, CaJ., where every facility for the work was granted by 
the CQiirtc^ of the Panoma-Celifomia Exposition; Kovember to 
March, inclusive, at the South west Museum, Los Angeles; and April 
to June, mclnsive, at Santa Ynez. The month of January, 1916, was 
spent at Berkeley, Cat., where, through the courtesy of the Ban¬ 
croft Libj-ary of the University of California, various linguistic 
manuscripts and historical archives pertaining to the Cluimaslian 
(Stock were studies and copieiL During the period named more than 
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llOO^OOO words of moniiifcript Kimt^rial were obtained and qIhIh 
oruted. In sdilition to tbc grottimaiical iiiid etlinological nmterbl 
im exlmnstiYe dictionury of tlie Ventnreno is well tinder wn\% wluch 
coniprbes some 8,000 cards. Tliis is to be follow*cd by similar dic- 
tidiiaries for the oUier dialects. The most satisfactory feature of 
tlie work was the collection of material on tho snpjjoacdly eL^inct 
dialects of San Lois Obispo and T^a Purisima, The Purisimefio 
matenal consists mainly of words and corrected vocabularies^ vfhih 
on the Obispdio important graonnatical materiid was nbo obtained. 
A latgiJ part of the material whicli etill retoains iu be obtained de- 
pends on the life of two very old informaiits, cojise<|ueni!y it m mf>st 
iinportant that Mr. Harrin^on continue bis work in this Immediate 
field until the opportunities are exhausted. 

The beginning' of the fiscal year found Dn Tmman ^[icheboa^ eth- 
nologisij at Tamaj Iowa, engaged in continuing his researches among 
the Fox Indians, which consisted mainly of recording sociological 
data and ritualistic origin m^dhs. In August, Dr. Michelson pro¬ 
ceeded to Oklahoma for the purpose of investigating the sociology 
am! phonetics of the Sauk Indians^ as well as of obtzLming trauala- 
tions of Fox texts pertaining especially to ritualistic origin mytlia^ 
After ^ccesaftilly eoncliiding this work, Dr, Michelson returned to 
Washington in October, when he commenced the translation of the 
textual material gather^ In the field- Advantage was taken of the 
presence in Washington of a deputation of Piegan in obtainiiig a de¬ 
tailed knowledge of Plegan terms of relationship* From these 
studies Dr. Michelson deteiiuJned that the lists of relationship terwis 
recorded by Lewis IL Morgan, as well as by other investigators, re¬ 
quire revision. He also commenced to arrange the material gathered 
by the late Dr. William Jones pertaining to the ethnology of the 
Ojibwa Tribe, with a view of Sts publication ns a bulletin of the 
bureau. Tow'ard the clo$o of the year Dr. Michelson undertook to 
n^ore phonetically the text of the White Bullalo dance of tJie Fox 
Indians, which likewise is intended for bulletin publication It is 
believed that the results of ttib task will be ready for the printer 
before the close of the calendar year. 

Dr. Leo J, Frachtenberg, special rthnolngist, divided Ids time, as 
in previous years, between field research and office work. On July 8 
he left his winter headquatiers at the United States training school 
at Chemawa, Oreg,, and proceetled to the Yakima Reserration, Wash-, 
where he revised, with the aid of the last Atfalati Indian, the 
Kalapuya manuscript material collected in IfiTT by the late Dr.A. S. 
tiatsebet of the bureau- This material, comprising 421 manuscript 
])iige3, consists of vocables, stems, grainmatictil forms, and ethno- 
lugjcu] and historica] narratives, and its revision ruiirkci] the etmiple- 
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tion of tte i^oi'k on the Kslupnj'a Uiiguistic futtiily commenced t%vo 
sutumeTB iigo. Thb work lasted imtil tUc latter part of July. In 
conjunction with this particnlcir phase of field work, Dr. Fracbten- 
herg corrected the second rcTisioii of the proofs of his Siuslaw 

granimaticiil sketch to appear in the second part of Bulletin 40. 

On returning to Chemawa, Dr. Frach ten berg took np the editing 
and typewriting of hia grtfmmnticul sketcli of the Alsea lan^iage, 
the compiktion of which was cotapleted during the previous winter; 
thb was finished in the early part of OL-tober, and the complete sketch, 
consisting of 158 sections and 421 lypewriUcn pages, was snbmUted 
for pubticatlgii in the second part of the Handbook of American 
Indian Languages (Bulletin 40). Dr. FracUtcuberg interrupted piis 
ivork on August 32 and took a short trip to the Silcta Beserration, 
where he collected w'2 Atliapascan and Shastan songs, which were 
transmitted to tlic bureau for future analysis. 

On Octihber 7 he proceeded to Lire Quilente Reservation, where ho 
enlisted the services of a Quilente informont, with whom he returned 
tit Chemawa and brought to a successful completion the study of the 
grammiir and nijihology of the Quikute Tribe. This investigation 
extended from October until idic bitter pert of March- The material 
eollei tcd by Dr, Fnichtcnbtrg during this period consists of 30 
native myths and traditions fully tmnslatccl, a large body of notes to 
these tests, voluminoui; grammaticiil fornai, and vocables. In Janu- 
arv Dr, Ftachtenberg left Chemawa for u short trip to the Grand 
Ronde Reservation, Oreg., where he recorded 10 Kalapuya songs 
on the dictaphone. 

As Dr, I'nichtenberg’s allotment for field work among the Quilente 
was then eslmiisted. he was obliged to revnuiu at Chemawa until the 
dose of the fiscal year. He therefore undertook the correction of the 
l>Qgs proofs of hb gmmrnaticnl sketch of the Siuslaw language 
vpp. 4H1-C29), and on its completion engaged in translating, editing, 
and tyjicwriting the Alsea te.vts collected in 1910. The editing of 
these testa involved much labor, since it was deemed adcbable to 
present in die introduction a complete discussion of Alsea mythology, 
and a conconiance be ween the folklore of this tribe and die myths of 
the other tribes of the Pacific const. For that purpose all the pub- 
lidnid works on the folklore of the tribes of the northwestern area 
were consnUetl, Induding tlnit of the Mnidn, Shasta, Yana, IQnmath, 
Takelma, Cook, Lower lTmp(|Ua, Tillamook, Chinook, Kulhlamet, 
Wishram, Quinault, Chilcottn, Shuswap, Tliompsoti River, Llllooet, 
Haida, Tlingit, I\wakliitl,Tsim8lihin,Bellacoola,and the Athapascan 
Tribes of the north. Tlii& work was practically completed by the 
close of thu fiscal year. The collection consists of S creation myths, 
1.1 miscclIaneDiis totes, 3 ethnological and historical noiTativcs, 4 
siuteiueuts as to religious beliefs, and 3 tales collected In English (31 
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traditions in all)* It cotnprioes, m addition to tho introdution^ 332 
typewritten pages, and wiH be submitteil for publicaiitm aa n bulletin 
of the bureau, 

SPECIAL TlESEAHrHES. 

Dtp Franz Boas, honorary philologis?t, eon tinned his reeearehes con¬ 
nected with the preparation of tho remainder of part 3 of the Hand¬ 
book of American Indian Languagcysi, a.siistetl by Dr^ llerniaim K, 
riaelierliiL, Miss A. Andrews^ and Miss Mildred Downs, and also 
devoted attention to the compiction of the report on Tsinuiliiitn 
mythology^ 

Tlie bulletin on Kutenai Tales,for wliicli gaUeya were received in 
July, XD15, has been revisetl twice and is nearing eompletion. The 
pyge proof is being (setraeted proparntory to the accompanying 
grammatical sketch and voaibulary. 

Through tlie liberality of Mr. Homer E, Sargent, of Chicago, it 
has been possible to do ranch work on tho preparation of on extemled 
paper on the Salish dialects, now comprising about &00 pages of 
mannscript* The material has been collected Kince 1886, partly by 
Dr. Boas himself and partly by ^Ir* James Teit, the consaderable 
expense of the field work of Mr. Teit having been generously niei 
b}’' Mr* Sargent. In the course of the last SO years it has l>oen pxis* 
sible to collect vocabularies of all the Sali^b dUdeot^f sufficient to 
afford a clear insighhinto the fundamental relations of these dialects, 
a preliminar}'^ work necessary to a more thorough study of the lan¬ 
guage. At the same time Mr. Tei! gathered etlmologicnl notes which 
are to he ineludcd in this work- The preparation of the vcHMibulttrios 
and of the detaiUnl eomparisim that had l>een !>egin in previous 
years by Dr. Boos has been continued by Dr. Hsoberlin, tlio basis of 
thb study being their manuscript material and the published sources. 
Also through the liberalitj" of Mr. Sargent and in cooperation with 
Columbia T7niversity in tho city of New York, Dr. Hael>erlin will 
lie able to supplement his material by an investigation of one of the 
tribes of Pug!et Sound. 

The interci^ of Mr. Sargent lias also made possible u detailed etuily 
of the Sails!j basketry of tlie interior plateau and the preparation of 
the illustrations for n memoir on this subject. For tho latter pun^dii^ 
there have Iwen utilmd tho collections of tli& United State.H Nationa] 
Museum, the American Mnseiim of N^atural Hiatory, the Univendty 
Museum of PhilIIdelplda, the Museum of the American Indian (Ilcye 
Foundation)^ ami l!ie private collections of Mr. Sargent anil others, 

Tlie preparation of a manuscript on the Etimologj^ of the Kwakiutl 
Indiana has been well advanced* The material for the first voIumOt 
which is to eonlain data collected by Mn George nvmt, has been 
completed, eseduding a number of translations which remain to be 
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(ilabornted. Atrardmg to tlie plun, thii work is to conELst of two 
parts, the first a eolJe<rtion of data fiiroLshed by Mr, Hunt in answer 
to specific ciuestions asked by Dt. Boas; the second n di^ussion of 
them, and other data collected on previous jouriMys to British Colum- 
bia. This voluiue is to consist of tm account of the materinl culture^ 
social organization, religion, and kindred subjects* Sbjet of tho 
illustrations for thlH volnoie have been completed, nnd about 1,600 
pages of manuscript have been prepared. Miss 'Downs has mark 
detailed extracts from Kwalduil myths required for a diseussiou of 
this subject. 

Miss Downs has also compared the proofs of Dn Fmehtonberg^s 
Siiislaw gramiujir with ptiblished lexU, and tlieso proofs have b^n 
compared and passed on by Dr. Frachtenberg, This work eoiupktcs 
the rerisson of the Sinslaw grammar, the publication of which ba^ 
been delayed owing to various reasons. 

No progress has been made toward the Bnul publication of the 
Ciiukdiee gratnuiar* as it hag been impossible to cnmnmnicato ivith 
the author, Mr. IV. Bogoras, who is in Russia. 

Some progre^ has been made wuth the contrihiitiottij to Mexican 
archeology and ethnology, to l>o edited by Prof. Alfred M. Tuiaier, 
of Hitrvard T^niversity, with a view of their publication by the 
bureau a bulktin. Dr. Paul Riidin Los furnisliGd a iiumtiBcript on 
Ilunve; Dn Tlaeberlm has nearly completed the study of motkrn 
Mexican tales, collected by Dr^ Boas and by Miss Tiabel Hamfrez 
Castaneda; and Dr. Boas has been engaged in the prepumtion of 
materia I on certain types of Mexican potteiy and on an account of a 
journey to Teiil, ZacateeaSp 

Prof^ W. IL Holmes, of the National Museum, completed for the 
bureau the preparation of part 1 of the Handbook of Amerkan 
Antifiuities ■( Bulletin €0), und at the close of the year gaUey proofs 
of the entire w‘ork had Ixsen receivod and were in process of rovkion. 
On account of the pre^ire of moro urgent work in connection with 
hia oEcioI duties, only limited progress w as made in the preparation 
of part 2, On April 2l Mr. Ilolines made a brief virit to the 
museums of Philadelphia and New Tork for the purpe^ of conduct¬ 
ing studies required in the preparation of this handbook* 

Miss Frances Deusmore’s field trip during the eununer of 1915 for 
the purpose of continuing her gtiidtes of Indian mustc^ comprised 
visits to three resersatioos and occupied two and one-half montlis^ 
ilost of the time was siient among the Mundan and Hidatsa. at Fort 
Ib^rthold. N. Dak., and during part of her sojourn Miss Den^morc 
camped near what is recognized as the last I^fandnn iiettlemciit 
where she was enabled to record many interesting data that conid 
nut have lofcn obtained in any other way. Die Imlians felt more 
free to ^iiig there than ut the egetiej% and M Deiismore also had an 
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(ipportimity to observe nnd photograph native customs, notiiblj those 
of tanning a hide and preparing com. The study of music on tlic 
Fort Beit hold Beservntioa included that pertainLog to the ceremony 
connected vrlth eagle <^tching. .\n old eagle trap vras visited and 
photogruphed, and tlie songs of the leader in the eagle camp were 
recorded by the only ifnntlan who hud the hereditary right to sing 
them. The songs of the Goose Women Society and the Creek Women 
Society were also sung by those who inherited them and were re¬ 
corded phonogruphically. Among these are the ceremonial songs 
sung by the “ corn priest ” in the spring to fructify the seed corn. 
Songs of war and of the various men’s societies ivere also rcconied. 
The total niunber of songs from this reservation now transeriljcd 
exceeds 100. 

.V now phase of the w'ork was that of ascertaming the pitcli dis¬ 
crimination of tlic Indians by means of tuning forks^ This was be¬ 
gun at Fort Beilhold and continued for comparative purposes nt 
the Standing Rock and White Earth Rcserv'atiom Data from four 
tribes are now avaiJahle on thi$ subject of research. 

Miss Densmore read all the galley nnd part of the page proofs 
of the bulletin on Teton Sioux Music. Important additions were 
made to this btxjk in the form of graphic representations, original 
plots of 240 songs and 18 diagrams haviug been made to exhibit 
the results obtained tliroiigh mathematical analyses. Of these 
graphic representattons r*3 will appear In the bulletin. One hundred 
and fifty pages of niamisciipt were .'nibiuittcd during the year, in 
addition to tlic descriptive analyses of the songs. 

In tho prepanitlou of tlie Handbook of Aboriginal Bemiiins K ^ ti t 
of the Mississippi, .\Ir, D. i. BushncU, jr., added much new materiuL 
Many letters were to county officials in Kew England requesting 
in forma tiou regardiiig the location of ancient v ill age sites, burial 
places, and other traces of aboriginal occupancy in their rcBpcctire 
areas. Many of the replies contained valuable and interesting infor¬ 
mation. Ijctters of like nature were addressed to officials in the 
Southern States, and the replies were equally satisfactory. Xunicr- 
oils photographs have been received from various sources" which wiU 
serve os illustrations for the handbook, but it is desired to increase 
the number if possible. The manuscript of Ihe handbook will prob¬ 
ably be completed during the next fiscal year. 

Dr. Walter flough, of the National Museum, was detailed to the 
bureau in June for the purpose of conducting srcheolo^cal investi¬ 
gations in western central Xew Mexico. Proceeding to Lima, So¬ 
corro County, Dr. Hough commenced the excavation of a ruin pre¬ 
viously located by him, os described in Bulletin 35 of the bureau 
(p- 50}, This site was thought to contain evidence of pit dwellings 
exdusirely, but excavations showed that an area of about 40 acres 
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cottlaiticd clrculor, semisubkrraneAn Uoiiass in which no stone wajj 
used for construction. Seven of the pits were cleared, and it was 
ascertained that manj more c^tistod bettenth the surface, du^ In the 
sandy substratnin of the region. Burnt sections of roofing clay 
showed that these houses were roofed with beams, poles, brush, and 
mud, as in present pueblo construction. The roof was supported 
by wooden pcisis, charred remains of which were found, Xothing 
was ascertained respecting the construction of the sides of the dwell¬ 
ings or ill regard to the height of the roofs. On tbe floor of each 
of lilt* pits uncorcred were a rude metate, grinding stones, slabs of 
stone, and the outline of an otherwise unde^ued fireplace not quite 
in the center of the chamber. A bench iibout a f<K>t high and a few 
feet in length was ait in the wall of some of the pits, and in one of 
the pits, against the wall, was a fireplace with raised sides of clay. 

Another tj-pe of structures adjoined the pits; these were rectan¬ 
gular, open-air houses with mud roofs, in which mealing and culinary 
work was carried on. Here were numerous metates, manos, nibbing 
stones, pottery, etc.; some of the metaica were set up on three rouml 
atones. Kear the pit was a cemetery in which infants were buried, 
the liurtals being associated with day healths and much charcoal, and 
near the bodies were placed small pottery ve^ls. Scrapers of flint 
and bones of clecr were also found among the buriabL So far as as- 
certoinetl, tha people who used the circular semisuhtGrraneiin houses 
Imd a limited range. Traces of their culture have not been found 
below an elevation of 7,000 feet in the mountain valley, and it appeam 
probable tliat their caltutu was asGociated with an environment of 
lakes which once eristed in these vnlleys. It is crident in some cases 
that the pit dwellings were displaced by houses of stone. In most 
instances artifacts are different from tliose of the stone-house bijild- 
eiB, and the latter have more points of resemblance to, than of differ¬ 
ence from, the ancient inhabitants of Blue Bivor. It U probable that 
the mngc of the pit-house people would be found to be more exteu- 
rive by excavation around the sides of stone houses in other locali¬ 
ties, the remains of pit structures being easily obliterated by natural 
filling. At this time the pit-dweller culture can be affiliated only 
with uncertainty with that of the ancient Pueblos. At the present 
stage of tl)i: investigation the lack of skeletal material is severely felt, 
but further work may overcome this difficulty. 

In continuation of his preliminary' e-xamination of archeolojrical 
remains in western Utah, summarized in the lost annual report of 
the bureati (pp, .11-5®), Mr. Sell M. Judd, of the National Museum 
returned to Utoh in June, 1916, and excavated one of the large 
mounds near Paragonnh, in Iron County. Limited in time and 
handicapped by unfovnrahle weather, the results obtained were less 
than those anticipated; nevertheless they show the mmilBrity existing 
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between the oncient Parngomih dwellings and those near Beaver 
City and neighboring seltkmciitst and warmnt the belief tliat the 
builders of these stnicturea were moto closely related to the hottase- 
building peoples of Ari^om and New Mexico tlmn has been suspected. 

In the report following his; reconnoissance of last year^ ^Ir. Judd 
drew attention to tlio fact that the mounds still existing near Para- 
gonah eomprise a mere remnant of the large group formerly at that 
place and predicted the earlj razing of those remaining. The hurried 
investigaiion of ibis year was undertaken for the purpose of gjirnmg 
information regarding these ruins before tbcir do^ntctioiu 

One of the largest and^ at the same time^ one of the least disturbed 
mounds was selected as a typo for excavation. Its dimendons were 
□pproximately lOO by 300 feet; its average height was ^ feet. Two 
great gashes had been made through the opposite ends of the mound 
by diggings of many years agOj each cut parUally eximeing the 
waits of a single long roouL Including these two dwellings^ whicli 
were rcscxcavated only with considerable dilEculty, Mr. Judd auc- 
ceasfiilly revealed and mea:^red the walls of 14 rectangular houses^ 
II of which are entirely edrared of fallen debris and earth aeciimula- 
tioD> The walls of the$e ancient habitations^ like those previoi.isIy 
examined near Beaver Citji had been eonstructed entirely of adobe 
mud; in their present condition they exhibited no evidenoe of the 
use of angular bricks or blocks tdmilar to those eniplo^Td in Pueblo 
structures subsequent to the Spanish couiiuest. On the contmry, 
close examination diowed that the walls were itivariablj formed by 
the union of innumerable mttsses of plastic day^ forced togeOier by 
the hands of the builders and surfaced inside and out during the 
process of construction. Careful lns[Jt!elion of the mins showed that 
the dwellings were originally roofed in the manner typical of cliff 
houses and of modem Pueblo structures through out the South west. 
No certain evidence cotild be found that doors or other waP openings 
were utilized by the pnmitivc artistuis—each house invariably con¬ 
sisted of a dogle room that apparently had been entered from the 
roof. One of the most important discoveries made during the 
course of the Paragonab excavations was that of a circular^ semi- 
subterranean room whichj with siTnihir wall fragments previously 
discovered in the Beaver City mounds, tends to establish the use of 
the kiva^ or ceremonial chamber^ by the ancient bouse-buildiug 
peoples of western Utah* 

On the conclusiou of his studies at Paragonab, Mr. Judd proceeded 
to Fillmore, Willard Count}*, for the purpose of investigiiting cer¬ 
tain mounds reported in that neighborhood. These and similar ele¬ 
vations near the villages of ileadow, Deseret, and Hinckley, wore all 
ouperfictally identiSed as of the aime type and representing the some 
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degree of culture as those above described, la nil a collection of 
more than 500 objects ^as gathered during the course of tlie aeasoii'a 
work, 

A pleasing coincidence resulting from llr. Judd’s Fillmore investl" 
gatiou was tlve fact that Hi* guide he engaged had been employed in 
the sal me capacity by Dr. Edward Palmer, one of tlie National 
Museum’H most indefatigable collectors, during the latter’a espedi* 
tion of 18T2. 

Tlie arcbcologicnl data collected by lit, Judd during his two brief 
expeditions to western Utah are snfTicicnt to warrant tlic extensinu 
of the nortliero limits of the area known to have been occupied by 
the ancient Pueblo peoples. Further work, however, ts urgent, since 
that already aceomplitihed has nol only contributed certain valuable 
facts to Southwestern archeology, but it iias shown also the probii- 
bility of finding, in the unknown desert regions of that section, a solii- 
tion of some of the vital questions with which American tint hropology 
1ms labored for iruiny years. 

By reason of the fact that Mr. James E. Muric hna been engaged 
by the American Museum of Natural History, New York Citv, in 
connection with its ethnoiopc researches pertoining to the Plains 
Indians, his work of recording the rites and ceremonies of the Pawnee 
Tribe came to a close, and tentative arrongenients have been made 
whereby the Americnn Mtiseum w*ill complete tlic iavestigution and 
the results published by the bureau. Dr. Clark IViasIer, curator of 
anthropology of the American Museum, bos undertaken this task. 

Dr A. L. Kroeber, of the University of California, continued the 
pi^piiration of the Handbook of the Indians of California for pub¬ 
lication by the bureau, and at this writing it is believed that the 
manuscrixit, with the accompanying maps and iUustralioas, will be 
submitted for publication before the cloeo of the calendar year. 

3JA>TJ9CRlI^g, 

The large collection of manuscripts in possesrion of the bureau 
wns augtofinted by the following principal items, which do not in* 
elude manuscripts in process of preparotion by members of the 
bureau's staff for publication: 

Miami-French dictionaiy; photostat copy of the original in the 
John Carter Brown Library at Providence, R, I, 

A number of notebooks from Dr. A. L. Kroeber, on Grqa Ventre 
and Cheyenne-Arapaho linguistics and tests. These consist of; (a) 
Gros Ventre, 41-iT, 4®; (&) Arapaho and Cheyenne, 1-14 2l-g2 
24-23, and also a catalogue of this material recorded on 3..>01) cards’ 
(c) 110 pages of manuscript on the same subjectsL ’ 

Firat draft of Gatschet’s Klamath Dictionary, ITT pages. 
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Copies of the followinj^ mimUBcripts^ macle by photostat in the 
bureau by the courtesy of Hev. Geotge Woqjenberg, S. J*, Ubruriiin 
of St* Mary’s Colle^^ St* Aliirye, Kait^,! 

CuKkUilflin iluiu: Imigiio A, Pr IS^IT. 

Petit CatcclilJim en UiDgue PotowiitGiiil, A, I>, IS-IS^ 

EvimRelln Dora^ and Evan^elln Jn Ft»ttK, ouiJ porttoos flf tlje Gosejjela read 
oa SuDiln^^B and certnJD FestlvatM <if tUe Snltitik 

PUBLICATti^N!^. 

The taisk of editing the publicatioiis of the burflao has continued 
in charge of itr. J. G, Gurley* editor^ assisted from time to time by 
Mrs. Fmnees Sf XicbolB. Following is a siinimary for the vear: 

n'Ot.ICATIOZ¥B JBBUEn, 

Twenty'tilnth AmionJ IEeih>rt AmrniuED^ln^ paper s The li^thoo- 

j!»ojgnipby of the Tfirwa Indinn^!;, by Joliii pk'nlKHly HarrlngtocL. 

Tliirtiolb Anniittl Report M 1^38^09). Accntiipctrij'lti;; papers; EtliDfl,>botaq.y nf tl]t» 
5^nfl3 tndfiojiB tSteveusonJ ; An Iiiquiiy into the AnUniam and FoUedm^ of the 
{.iUlnnii IniJlima (lEotIp. 

REiIlelln DT. An Introdu-ctLoii |<i tht Rtildy ol tltc ^liiya BJ^-rcigSyiiim iMor' 
ley}. 

Bulletin PhyatCQ] Authrot»olo^ of the IjtiS4i|nu! or l>e1awiire&, uad of UiO 
Euaterti Indiuiia In GenemI CHrdllCkn). 

riJULlCATlOSB J^m^K OB Ilf rEEFABATinn, 

Tliirty-fljwt Aiintinl lieport ilDf>0-lO>. Acrtunfianylng rwipfit : T.^^LunilLfiiii 
mythology (Bobb)^ 

TMrty-iwcoail Amiiial Eepott (1910-11)+ Aceompanying paE»er t Scuecn FIcUod^ 
Lfigamls, ami Mjiia Ceolleet^ by Jeretalab Cnrtlii nad J. N, B* Hewitt| edited 
by J* N. B. Hewitt). 

Thirty-third Annual Report (1011-12), Aemmpany I n^ papers s on t^o- 

lilstotlc HopI Pottery (Fewkesl; Preliminary Aiwipit of the AntloultleH of the 
HcglDD betnoea the mnactiei and Ln Plata Biren In Southwesteru Oolorailo 
(MorrlB): Usea cf Pljintw by the IndlaOB of the Nehr.uika Re^im (GnaKOej; 
5!oiia0 Encavatloii la the EoBtem aiaya jirep* ^vitb an lniroduciii:i& dealing 
with the Geboml Culture of the NnU^c^ IGaoii). 

BnlieUo ‘lO. Haiulbo^tk of AjnL^Hena [ndluii LHagaapsB Port 

Bulletin 55. EthnulKitiiiiy of the Tuwn Imllans (Bobbtoa^ Harrlugton+ Fn?ite- 
itorreco)* 

Bulletin 59* Kuteuill Tales (Baas). 

Bulletin OOf Hiiadbooh nf AhorlgLaaL Aaieriain Atithiultles. Part L IntrO' 
durtory. The Lithic Industries: lllning. tjonrrylnjE, ^rnaafiudun^ f Holmes)* 

BuUeUn Oi, Tetou Sloox MuhIct (Deuatboreh 

The distribution of the publications of the bureau has continued 
in immediate charge of Miss Helen ^Iimroet of the SmiEhsoniaii 
Institution, and at times by Mr* E. L. Springer, assisted from the 
beginning of tlie fiscal year until hia reaignntlan on April Ifi by Mr* 
W. A. Hmnphrey, and subsequently by Miss Ijana V. Schekki. Xol- 
witbatauding oonditions in Europe and the impo^aibility of ending 
publicntioQs abroad except to a very Limited extent, '2^3S mon? pub- 
BW ime-a 
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licalians were distributed than during the previous fiscal year. This 
distribution may be classified as follows: 

Berfe., 

Annual reiKirb? lUlri separates,-—^— --- 2. OM 

Bulletins and aepnratea——. ------9,J>£W 

ContributleDs to Xertli AnwrlCJiB, EilinolPRy—wtltHnca and sepamtea— IS 

IntroduetluDS ----—---—-— ® 

JKliifellfl peons publlcntloni;.-,,---------- 307 


12,420 

ILLUSTHATIONS. 


Mr. Do-I^anccy Gill, illustrator, has continued in charge of the 
preparation of the illustrations for the publications of the bureau and 
of photograplring the members of visiting Indian deputations to 
tVoshington, in which work be has been assisted by Mr, Albert E. 
Sweeney. The results ntM-'omplished in this diractiGn are as follows: 


Ifomber, 

Photosraiflilc prints for distribution nnd olBoe bmc-— 1,13T 

Nosnti*v)i of etliooleiirle and archcolosJc subjects-. ■■ - -- 

Ncsstlvo niiDB litrt’olopcd from tteld eipMorcs-ISS 

rbatDetnt prlntH from booto and puumsiTlpia—_--—^ -- 1,125 

Uounm used—-—-—-^--- 

Proof.*' txamlned—_---—-—-———“ 2Sl 

Pliotojnni'lis retotielied.— -—-—-—<— ^ 

Druwtnpi mnde-------1ST 


Portrait owilf'wt of vlNltliiS delesntlona (Pawnee, SbuIe and Foi, 

WliUK-lHiso, Blackfeot. Clwrenne, Glilppewa)- 23 

The complete editions of three colored plates, aggregating 20,000 
prints, were esttmined nt the Government Printing Office. IlUistra' 
tivc nniterial for three bulletins was oompleteii for reproduction, and 
progress was made on tamilnr work for the Thirty-third Annual 
Beport 

Tlie library of the bureau continued in charge of Miss Ella Leary, 
librarian, assisted by Charles B, yewman, messenger boy. Gtiring 
the year 1,078 volumes were,accessioned; of these S14 were pur* 
dus^, 135 were acquired by gift and exchonge, and 729 are vol¬ 
umes of aerial.^ which were enteretl after having been bound for the 
first time, Tlio library also procured 272 pamphlets, chiefly by gift. 
Tlie periodicals currently received number about 750, of which 12 
are acquired by subscription and 738 by exchange. Among the 
more noteworthy accessions of books arc 20 volumes of Bibles, Testa¬ 
ments. and portions of the Bible In American Indian languages. 
Tlie library now contains about 21,315 volumes, 13,480 pamphjets, 
and several thousand unbound periodicals. There were sent to the 
Government Printing Office for binding, 1338 books;, pamphlets, and 
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serial publiefttions, and of these all but 20 had been returned to the 
bureaiQ before the close of the year» 

Ill addition to the cataloguing^ of current accessions the efforts of 
tho Jibmrian iji'ere devoted to making a subject, author, and analytic 
eal catalogue of the books represented in the old catiilogue by an 
imperfect author CQtaloguo alone. In this cnrinection special atten¬ 
tion was given to linguistic works. From time to time Mrs. F. S* 
^fkho]s bus assisted in this work, and Eatirfoctory progres® has bqein 
made. 

Although maintained primarily for the use of the staff, the library 
is consulted more and more by students not membera of the btireaUj 
as well as by officials of the Library of Congre^ and of the Govern^ 
ment departments- 

coLr.EcnoNS. 

Tlie following collections were acquired by the biireaui by mcmliers 
of its staff* or by those detailed in connection with its rcHearchcs, and 
have been transferred to the National J^luseum: 

701 areheoToKinil objects gaLhered in Ptoli nnil NeJl 

(Ca7^.> 

Collection at potshenla sliowla^ typo of orunto^ititatloiir from tbo Nncoochee 
WbUc Countyk Georgia, being n jairt of the objects gntliered by the 
Jciiat exfwalltloa of tlie Butenu ef AmerEcaii t^^thnology and Musemn of ibe 
AtitcrlciiD InUlnn (Heye PouDdatloii)- 

1#U nrelicotikgleiil specimens coUecteU by Mr+ Geronl Fowlce at the Hint quairy 
ftliop III CTCflOQDl, SL Louis CoutitFi laift^urL (5S015,) 

OiilleeiloD of Donbumnn hows* frum Uia Nncooebee Mounth Geoi^n. trt0017.) 

A KirtttU collection of pruyer-ntlcka fftim a Pui.ii|o i^hrine vn the soiaEnIt of 
west of Uie UEo Grarwle pad PoatU of the Hlo Chnmn, New 
presouted by Mr* nobi-rt ih Chapman, < 150112. > 

^ IniU-an potsbcnls and arrow potals prewccited by Mr. Arthur t* N<^rmjinp 
Troup* Tpiaj?, in02^| 

atone collar'^ fnasn rorto Rlcov rccdtefl by parchase from Mr. K. A. Helmep 
Snn Gerttiiin, Porto Rico. triOi^SO.} 

A point and tadcle of a salmon epenr; a baUbat boelCp and Ove aiuall flsh- 
hcH»L«, the elft of Mr. Robert H. CliapmniL 

Set e£ ear perforators fanuerly Qwaeil by Wlthuxago of Uio TsMiu 
tnge ^ciis of UitT OaageH presented Girougli Sir. Francis La Fleaclio by Mrs, Freil 
l^touL <5fl7a2.> 

Sacreil hawk baadle^ or wnx-olie, of the Bafra1o<fsco People of the 
tfSbe, enUected by Mr. Francis Iji Flescbe. 

Osage war BbJclil^ collectetl by Mr. FrancLs La Flesclm. {^0034^) 

PROPEIRTr. 

In regard to the property of the bnrenu there is nothing to add 
to the statements presented in recent reports, Tlie co4?t of neccii^tary 
furniture, writers, and photographic and other apparatus sic- 
qtiired during the fiscal year was $2.'5S,54 
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MlSCBI-UtPIEOUS. 

One of the rooms m tlio north tower occupied by the 
buri'ati force was repaired and painted, n new electric hxturc in¬ 
stalled, and the wooden casing under the exposed stairway removed 
and fireproofing substituted. 

Persomi!l,—‘t\\e only change in the personnel of the btireau was 
the resignation of Jfr. William A. Humphrey, stem^apher and 
typewriter, on April 15, Ifilfi, and the appointment of Lana V. 
Sdielsid on May 15 to fill the vacancy. 

The correspondence and other clerical work of the ollice, in addition 
to tliat above mentioned, has been conducted by Miss Fluroncc hf. 
Foast, clerk to the etlmolagist in charge; Mias Alay S. Clark, who 
particularly aided Mr, Bushncll in ennuspondenre connected wttli 
the preparation of the Handbook of Aboriginal Bcmaiiis} and Mra, 
F. S. Nichols, who has aided the editor. 

Bespectfully euhnutted. 

F. W. Ihmoe, 
EthnoUiffiat in Charge, 

Dr, Cn Aimes D. Walcott, 

Secretary of the SmUhtonian Instltvtion^ 

Waakington^ D. C, 


Appendix 3- 

REPOIIT ON THE INTERNATIONAL EXCHANGES. 

Smi I have the honor to fiobiDit the following report on the opera¬ 
tions of tlifi International Exchange Service daring the fiscal year 
ending June BO^ 1016. 

The congressional apprtJpriation for the support of the serriea 
during the year, including the allotment for printing and bindings 
Wfis $S2^{)0 (the same amount as appropriated for the past eigJit 
years) I and the rcpa}m^ctits from departmental and other establish¬ 
ments nggrogated $3,678^25, making the total avfi liable re-sources for 
curndng on the system of exchanges $35,378,25. 

During the year 1816 the total number of packages handled was 
301,625} an increase of 25,B60, as compared with the preceding year. 
The weight of these packages was 309,685 puuzids, an increase of 
31,841 pounds. 

Although these figures altow on mcrease in the amotmt of work 
carried on by tlie service over that for last year, both the number and 
weight of the packages handled are lower than for the year 1914. 
This Tcducti™, however, is Rit^unti-^ for by the suspension of ehip- 
ments to a number of countries, owing to the European war, as ex¬ 
plained in the last report. 

Hie number and weight of tho packages of different chi^s ore 
indicated in the following table: 




WlJfht 

Bmt. 


Sapt. 

amitHL 

Unl-M fiUitM pvlbkemurr wa «hn»£L- ...... 

PuUlmitntrKMy rid In rvtimi fur pari loin mEarr dpniAAU.^ . 

Uiaini St4l«{LQ^iartlS«ia^l docmDolUdMfc .. 

FuMintiiiiiii iwiTid In rvCum Edt d^poitniEatBl dwiuiMiEs,. . 
IftoitlaftwnB »?lBiiiag \ltm^ |?iabik«tlnda laia i!vti4d.. 

HlBiQjJiMn Beknilnia odA lltoniET mbUc^thmi ncih'ied fnjta 
aImw 4 4liArniatk4k La tfat Uolted SUta .... 

MmI......... ..... 

ckwl lotol .....,.. . . 

141,MA 

7t,m 

i^ora 

i7,m 

Piotadi. 

«,i44 

na,4i4 

4l*W4 

Pmdf, 

10,938 

* P-1-4--fa ■!< «- ■ 1 T 

S3,777 

3DL 

.«!S 

tflOL 

I*,W 

.fiD4 
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In contiiN^Iton wkit Ihu above statifitics, attention should be called 
to the fact that many returns for publications sent abroad reacti 
their destinations direct by mail and not through the Exchange 
Seirice. 

Of the lf758 boxes used in forwarding exchanges to foreign 
ogcnctes for dLuHbution, 31SI contained fuj] sets of United States 
official documenta for authorized depositories, and 1,430 were filled 
with departmental and other publications for depositories of partial 
sets and for miscelLkneous correspondentB. The total number of 
boxes sent abroad during 1016 was lOS more than the pi'cccding year. 

.iVs referred to lost year, the interruption to transportation facili¬ 
ties caused by the European war made it necessary for the Inter¬ 
national Exchange Sendee in August, 1014, to suspend tlm shipment 
of Hwnsignments to Austria, Belgium, Bulgaria, Germany, Iliingarv, 
Montenegro, Boumnnia, Eussia, Serbia, and Turkey. With the ex¬ 
ception of Germany, exchange relations with these countries ate still 
suspended. It lias been possible to arrange for the sending of several 
consignments to Germany through the American consul general at 
Rotterdam, but the Institution has not 3'Ct imdertaken the regular 
transmission of boxes to that country. One shipment has been re¬ 
ceived from Germany, and the Institution, throu^ the Department 
of State, has arranged with the British Government for the sending 
of consignments from Germany to this country at bimonthly in¬ 
tervals. 

In May, 1015, us mentioned in tho last report, the Institution en¬ 
deavored to arrange with the Commission of International Exchanges 
at Petrograd for the resumption of shipments to Ru^a by wav of 
ArchHtigd, but the commission tlien expressed a desire to post^ne 
the renewal of operations until after the close of the war. The 
entumisaion now writes that it has been found possible to resume 
die forwarding of consignments either by way of Yladivostok, Rus¬ 
sia, or Bergen, Norway. Tlie Institution has signified its preference 
for the latter route, at the same time asking if shipments can be 
forwartled to Kussia through the some port. 

Til rough Uie burning at sea of the steamship M&utU box 

135, containing publications from various governmental and scien¬ 
tific cstablislmients in this country for distribution in Korea was 
destroyed. Owing to a similar accident to the steamship AtJL/ta£^ 
box 231, for Greece, was lost. In almost every i nstan ce the Insti¬ 
tution was able to procure from the senders duplicate copies of the 
lost publications, which were duly forwarded to their destinations;. 
In this connection it should be stated that the destruction of the 
above-mentioned vessels woa not due to the war. Thus far onTv two 
exchange packages—each containing 12 publication*—have been lost 
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through the fiLnkiDg of steatuers by wiir vessels^ reference to whim’ll 
\vm made in the Iasi report. 

In coutiuuation of a policy of iuternfltional helpfulness;^ the Insti- 
tutioD has rendered aid to gorerouaental and sdendfie establish¬ 
ments^ both in this and foreign coiLDtries, in procuring eapcdally 
desired publications. Oue instance in particular in which the Insti¬ 
tution extended aid during the year in procuring publicatlom may 
be referred to in this connection. The Pan American Division of 
the American Association for Intiemational Conciliation in Xew 
York City, which was assembling a library to consist of some sevim 
or eight thousand volumes of works of North jVmerican origin for 
presentation to the Museo Social Argeotmo at Buenos Aires^ applied, 
through the Department of State, for a selection of pufalicntions of 
the United States Govenunent and of certain scientihe institutions 
in this countiy. The matter was brought to the attention of the 
proper establishments, and several hundred publications were re¬ 
ceived for the proposed library. The Department of Stute, in 
bringing this matter to the attention of the Institution, stated that 
the department attached considerable importance to the request as a 
potent means of furthering the best ideals of Pan American ism- 

It may be stated in this connection that it is the custom of the 
GoTernment of India to refer any requests from establishments in 
this , country for Indian ofBdal documents to the Exchange Service 
for indorsement before acting thereon. In such instances statistics 
and other information relative to the society or establishment nuiking 
the reque^ is furnished, and a proper recommeudatJon made In 
regard to the application. 

The number of boxes sent to each foreign country and the dntce 
of transmission are shown in the following tahle: 


0/ cufcAdn^j^ f&r eoun/rfet. 



eibaiML 

11*t* twiLii.wn ln^Ltw ■ 

AftadouiA..... .. 

51 

lady E, 19, appt, 0^.91, MeH-, imi Jin_ 17, is, 

Apr.^. ykjM^lSlA 

.... 

9 

My H, Oct 3p Nw. 13, Ok-. II. Feb. Apr. a, latQ. 

K^fclTt _ _ . 


Jttlj a, Amb. Ill, Sapt.30, Ort- ai, Nst. Jfl, 1918; Jm. 17, Vmh. 
l§,Uv.35, lCar», ItlS. 

BErma ... .. 

S 

My 1, in, ir, 7i, Ai, Atif. i, u, n, », n, it. », Ovi.s^ 

33, m, Nsrr. 9, U, M, ». Dw. 4, 11, 13^ IWl- Jm.bi, reU. 
9, ». Apt, 1, la, w, Miy 3. Jmw 5 , ifl, lita. 

Ovum CSmuCA.. 

7 

July AHf. 30, Kot. 19,1915; Ftb. a, Ub^. Si, 1WA 

OutAliA .. 

n 

Aut. lOf Oct. 33. DK-. to, int; F4^ 35; Uu. 3S, Juma, 191 A, 

CMTT-g • .. 

33 ' 

JuJjal, Attf. 30, Out. i,Kvr.4,li^^3, O^la; F*b, 1^ HAf-S^ A[v. 
4; Uaj*, 1914. 

COlSU-..--- 

S9 

Itttj Itp Au^ l^ n, Ok. tS; Juit; Jan. 1, 

n, Fib. 93^ MU-Slj Apr.4^ 7^ 13^ IbtrO,. 1914. 
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AKKCAt, jrePOTtT S^UTHSOKIaX lyfiTfTfXfDS, mfl, 

COMignmmtt of AreJutnyrf /pr fonim 


Cflanlry. 

d Ihixh. 

OatmraTi.^,. 

11 

COOT* Ria.-.,,™-..,..-..c 

W 
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A 

OlCMaunt,,, . 
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M 
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m 
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£4 
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1 
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_ 

A 
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» 
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t 

f.JllTlf> 

3 


1 
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t 

, 

V, 

NlW SOVtll V^ALEL . 

ti 

Mew :£iuj4Jrii9_. 


MluMAcnjA...._= 

4 
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Si 
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r 

TWIU 4 .; ... 

30 
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u 

tiu-TAimm^ ... 4.- 

■ 

Rum. ....... 

J 

Jfoimi AirmALti. 

34 

S^ 4 UV 4.^44.14 . 
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l>tk» nf |f44xmJlvkHI- 


iotjr i% OiTi;. IfJar, D^Cr U, 

iuljrli, Oeta, Not. 12, Ute, lajtU; F«b.3, ,3^ Apr.*, mS. 

Aoii lU, Oct, 33, THeu 10, WtSj Teb. 2i, 23, Jtia»3t^ Iftll, 

Aai'.a, efl|i4_ 3, lirt. O.lfl, Nov. 1^1^ *0,^315: ii^ i£af, 

17^111114 JO, miL 

July J«S, Aii«. 17^ Oct. 7, Kot, 13, 0«?- U, WLI^ Ji*r. i, A», 7 ^ 
IfiHL 

J[i5f a, Auf. OtU Not, 0, |3f»r. I, 1IH3; F*b. &, Ja*y 

1I1*L 

Jiilj II, »,An*-Ml»,9.pC«,Ort,U,Kai-.A1*. D^, I, till; 

JuL 3B, JMl, U, Ifilf. il, A|ir. H, llij 8S. 1814, 

A[^, II, l9IAj Jos- IS, Jli^ O, iiqq. 

f ulr A1A », SI, St, Aof. s, 11, a,», $«pt. I, u, H, as, Crt, ^ 

lA2S,^<fV- A IS, 9P,n, 1^,4, II, U, toil; Jia, »,3S, Ivh. A 
14.34. Mar. B,»,A|ir. 1, la, IJ, UayA Jiioa^ JMA 
Jfliraa, a«(. », (ht a Kd^. ia u*. ,nij jm.», isiA 
llUrSD, 0«L a, Hwr, lA DtC. ll, 1»4; Mw.i, Apt A IMA 
AiV.U\Oet.S3,S«,llK IMS; Frt. SS, Itar, 34, JtSH, i 
JU^ ». Oct. B, H«i rtl). *, Apr. 4 , IMA 
Jutj^lP, IT, Jl,3l,ABt7,11, M, S, Bipt. 1, ll, SS, Oct. fl, 18,3; 
3D, «t^-AtAaP,M;D«.All,M, lM»;Jia,JS.Jr>t,slla« 
Hu-. AMI, Apt. I, Ul, IT. »I4TA JidaA li. isifl. 

July U, AuC. SS, StfA 33. ChL U, Nbt, A lA B«. A HM- Jan, 
a. Fell, JA Itor. H, Apr, is, 11.^33 . uka 
J ii^r». 8qit.». Kar. A DkIAIwS: F*b. *, Apr. T, IM4 
ThIT 4 , .t«i, 3 , Bqit, It, Ort. A No*. I, Dw, 4 , ijif, « 
Frii.M,lbc.3g.,Api.M,»|A 
loJy as.afpi. »H Oft. E, iTrtS. 
iiHf fi^t. 9!i, IlK. 16, LUIL 

ASf. 1 A 0»A a, Ita. 10 , MJ4; p^, B, Ji„ IS ^ „„ 
Ji4F«,H,A^j. 1A t-,3S. 8^t.». Oct,lA lf«, A O*, A IMS' 
Jui.Si,F<ib.SI,Apr.Al(4rS,ltlP. 

JiiJfA AlK, IP,Sq|l.»,0«,ai,Nar.B.ni(; j,a,H p,. 

Vu.lAApr»,13ilB. 

Ji4TlAAiV.lAflqit-a.Ort.30. A'(ir,a.HiS; j.,, j. p.i, 
Her. IS, Apr. M, IPlO. ^ 

JPtT », Oct.4,Nar.lA 1«4ii Apr.A IMS. 

July A AiV. 3, ftept. A Oet. A jJ«r. A »«. A liU- Ju a 

Kbt. 7^ Apr.l7,lIH6. ' 

*’ '^** ** ^'^' **’ *"*• Apt. 7.1AA 

/«])■ 31, Aiv, », ObA I, Dee. I, imj; Feb, 1, Mar, 1 . 

UsTAttlA '*«t-AApr,A 

Dftari, Not. m. Die, li, 1115 - ^ ^ _ 
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CtwifTHmcniM of forrifn rouniH^ —noiitifiiinl. 


CAontry, 

Nanibir 
of bAXU. 

);>4lA of traansIslaEi. 

Stvdev.. .. 

Ill 

3T, Ai^ 3l,S^t Keir. Jl, IWJ; Jwi.U, Ftti, |T, 

Ucu.17pAFr.lZ,l5ltk 

awmSHlLUCCf.. ... 

A1 

Sspl. *1, Oct Up P«. I, m$; Jul l\ fwb^ IS, Mar. SN, 

Apr. 31, iIRS. 

TlHLlKLk,, ... 

3b 

Inlj lp ia,lTp 31, 1,11, 

itpsp, Nov. 6, tx n«[?, 1. iM« imi Jm. a, rrii.s, is, 

St, Uar. ij ai, Apr. n 10.15, Haj %, Jedm tS^ irtS. 

TPixiniO-.* . . . 

S 

JuJr »p B*ei. Prt. 15,1315. 

UiTHV or SOOnt AtucA,..,, 

S4 

jaiFU. A n*. aSv i&i5: r^h, s, u«r. 8, April ^ i 

tiMiroqAT,*, +, „ .. 

IT 

Jtdj ai. Ay*, m, Out 1, Nov. 1?, IS, iftts: ri^^. ^ lUr. 3. 

Apr. e, 1116. 

Vws^nmJi^.-. . 

15 

JaljF 16, Odt. % NffT. t% IN*. 13, imt Frii. S. Mat. i, Apr. fi, 

VlCfqUU.. ......... 

35 

JUlF A( 1 ^ 10« 18^ 33, Ot'l. H. Zt^ mS^ Jin. 14, 

Pth, U, Mar. 16,^ Apr. 27, lB|e, 

WESttmjt .. 

ao 

3alT 1, to, IT,.^, 31, Aitf, 7, It an K, SfipL I, H, Ift, »♦ Ocn fl, 
a,33,9, )3,ai, », Dflc. 4p 11^ If^ 1915; 

16^UftT. A9, .4pr.|, 10, tSp ^ liiu^a, 16,1613. 

WlimWAAB^ An> hKfWUM^ 
Iwfcinrt 

3 



FOREIGN DEIKJiJlTOIU^ 01^ UNITED !$TATES GOS'EHNMENXilL DOCU¬ 
MENTS. 

The nujubur of sets of Ujo United Sinter official publications regu¬ 
larly forwarded to for^igti countries in accordance witfi treaty stipu¬ 
lations and under the authority of the congrc^ional resolutions of 
March 2, 1867, and March % 1901, has been i‘eda(X'd from 02: to 91— 
the jsetiea sent to die Covemment of Bombay having been discon¬ 
tinued at the latter's request* In asking that these shiptnents be dis¬ 
continued, die secretary to the Government of Bombay stated that 
it would in no way affect the transmission of the reports of his 
Government for deposit in the Library of Congre,^ 

Tile recipients of the 55 full and 36 partial sets are us follows: 

DEPLKsmjfltEj^ or ntij, sets. 

AmLvriKA: Mlal^terlo dc Relavloties ElxtorlarcSf Ruenotii Alrca, 

AtrsTSAiiA: Dllirary of the CotauienweaUh rarllnmcut, Melboume. 

ACtitiUA: K. K- ^atml-Koniintst^loar VJcnmL 

Barkn : Unlveraftatfi-BlbUutlieSt, Frelliiirg. (DepM^ltory of the Gmad Dacliy 
of BadeiL ^ 

Bavabia : KaalanE.‘)be Hof- uni! Etaatfl-BShlLtitlielE* Munl£!!i. 

BumTM; Blblloth^iu? Rtfjfaie, Bmssels. 

HtAzn.: BIhUothccii NncSqaiiL lUn Ue Jaoctro. 

Bvil'^ob Aiki^: Blblioteca de la Uatvcr^liiad Nncboal de La P3aU. (Depost' 
tor? of tlie pjrovlnccr of Buiiabct ALrest.) 

Canada: LlbmfY of raritamcai^ Otuwo* 
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AKiftlAL tlFJ>OaT ja.vriTH^^fLtK IKSH'rtrTION, 1016. 


CfiiiJS: BSbUgiecA c|ii1 Cocl^ciki Nuclalijxli 

CmwA; Aineflcaii<!liliiE» Fub11eaiEDi:i Kxpliunge DeptkrtineiiL KtLflaehJil Biiratu 
triT FnrcJ^ AlTall^p BhJanBML 
OolUjw^ia: Bll)Uoti?ca Ndctiaml, Bo^ijUL 

CowTx IUca: OOcimi il# DcpESsatw f Cftiije IdiertiaeEomil tit- PDb1lf^claiic9^ San 

Cmxi Swretarlfl d# ILstaflo {AmmcB Gwierai^ss j Ctinje ttiternadt»tui:th 
Hnbai^. 

D^.\-maii^: srbBvtlit'ki.H, Ccii^valuLgieiL 

Esnqi^p: Britlsli 21Xii3cump Liirtulcvii. 

PjeAkce: ElbnotTi>&ciiJC KuBonnlei. Paris, 

GmMA:f:r ; Deutsche Eddistsfia-BIbliotlielt, Berlla. 

Glamor: Citr librarkin. MltclieU Lnirary, Glaopow. 

Qwexjcl : BlbllutbiHitie Natlonalep AtbetuL 

Haiti : Sect^trtUre C^tat dca ItclatEoua KEi^rte&reflr Ppct an PrLncei 
BcsmAAT: HnnfiUTlEn House of Dek^lw, Budojicst 

Ihsuia; DfcmitmeiiE of EdticatloB <Btiok3>, Goveraiiiciiit of Indian CalcuttiL 
larLATin; Nallomil Library *f IrelcintL DuhlliL 
IT.IJ.T: BtblEotoca Kaxlouflle VtttorEo Emaoudo, Eotac. 

Library' of Jux'uop Tol^o. 

lidT^aoTfi Loadoo SoIkh}! of Hco{iDtntt?i and PolltJcal Scionoe. (Depository of 
tbc lA}adciD CoDuty Council.) 

MA7C1TCHIA7 Piov'Inclal IJbnji>\ Wiuiiipt'^ 

U£Kico; lufltltnto BIMIoj^fEftco, Blhllotera KocEoimI. Uo^Lco. 

N^rr[[£tiL.\?ro 5 ; Library of the States G^ornl, Tlio Hnpio. 

New Sourra Wales. : Public Ltbrari’ of Note SonUi Wales, Sydney- 
Kew Goaoral Assembly Llbrory^ Wc1Utl;atoiL 

NaewAT^ Stortblnj^ts Bi^]illoUll^l^, CbrisUatda^ 

Dxtawo: Ipei^iaUTH Library ^ Totoutn. 

FatKSt Pl>€f«ctitii? do la Solno. 

Peri?: BEbltotoea Nadouul, Linm. 

Poptugae: Blblloitlioctt Narioualf Lls^sk 
Pucssxa: Blbllothck, B«^rlLiL 

Qvcffltuj Libniry of ttio Loslslntara of the Prorlneo of Quebec, Quebec. 
Qv'PE?tfiLA!Ci>; P&rBfimcntary Llbriir^% Brisbane. 

Ruasia; Imperlfil Public Ubraryp PetrogjEid. 

Saio^tt ; KTini|fik:hr! OeffenUJeho Blbllotbek, Dresdeu. 

SEtuoA: BectEop Admlotatratlvo du MliibitOre dos Affnlres ]&tnia{?dres^ 

Bourn Aubtraua: PorUaUiCbtaiT Library* Adelulile, 

SPAtjt: SoTTlcio del Cambio Intiiniaelniml do PubLIeneloma. Oiierpo PaecilUGro 
do ArehlrbrosK BlbllotwirlM y Art|netSlogos^ ^Indrld. 

Sweiieh; KUQgUifii BlbUoteket, Stockholm. 

BwnxEKL.^no: BtlillcithDquo Bcrco, 

l^AflUATOAf PftrllamQntniy LIbran'p Hoban. 
ftiJHKEif: Department of Public fnslrncUon^ Constnotlnoplc. 

Dhtos o¥ SocTir Africa : State Library* Pretoria, TraiuraoL 
UiMrAT! Oflclfm tie Canjo Intenmcloiial de Pnbltraelones, ^rontorldc^ 
VEeE£UEL.vj BlbllotooH Naetouid, COrucAA 
VicToniA: PnhUe library* Melbourtve. 

Wr;STxa> AtroniAUA! Ptibllc library^ «f Western Atistralla, Pertli* 
W1?VTTCUin»o - KSulfiUche LacdosblhUiiibek, Slutt^L 
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or PAlrtlAL stm 

AJLnmtA : ProvjadaL Librarjr^ EdnaantaiL 

Ai^JLCE-LiDmAi^E; K1 HlDlstprliiiu Hlr Kl«n:^Txitbr!ni;;t>n, Strflsflbnrj^ 

Boutia : Mlalstcrlo de Colotil^cl6n y Agrlettltum, t4i Vm, 

Senui^kotmubmli^u tUr RpEcIis- and AiiKwHrtlcP AneL^lepenbelteiu 

BarriSfr CotuMBiA: Library, VIctorIn. 

Guiasaz Governmpot Seerotary*s OflJco, Gouri^otown, T>i'nw>rara, 

BtJuoABtA: MU3i?i[er af Furuign A^raEnf Scfliiu 

C&ruDN! ColaMal Seerotar^'^s Oflloff (Bocbrd DeportmenL of tlio llbrtiry L Co- 
lambe. 

KotTAtwit: Blbllot^ Kadofuib Qiiltth 
EfTTPr: BlblietlriSciue KMillviitle, Calrow 
FttTBAKP: Chaticory of Goycrnor^ Holslngfom 
GuikXEUAiAi Speretary of the Gov€rament. Guatemala. 

HAuoFBa: Seiiatal^emmUiiloii fdr Ule Helcti4- ural AnairttHl^efi Ani^lpgeabeltetL 
* GFKWberxofflipbe llof-EibUatliek^ Itarmatadt. 

IlasriruaAB; SBcretar^’ of llie GoverumenL To^na-'Jsalpa, 

Colonial S^epretaiyp Kin^an. 

Leoebla: Defiartinobt of SiDti:;, l^lonrovle. 

LotTBSTs^ AfjjiquEa; GovertimoQt Library, Lourooco llurques^ 

LObeck : Proflldent of tLe S^aat-e. 

Maokab, pBOTiTiCK df; Clilef Scerctory to the Goi'eruiiieut of l^ladriuti FuLlle 
DepurtnKnt, Miidrafl. 

Malta: LJeuteiMiQt Govcraor^ Valetta. 

Mo^mNEOBo: M^nlsti^ro ilaa ii&tiress fitranglrtM^, Cetlaje. 

New BiinTBwiaic : LegUlatlra libriinr* Fredorletoa 

NEwtotr3rDLA.va: Colonial Socretary* St. JohosL 

NiiiAJLAairA: Sttperlntemlente de Arcliivos Nadooal^p AlanagtiA. 

Nobthwest TEEBiTojuioi j Oorertunoat Ubrary, ReijiRa. 

Nova SerrrtA; ProvlEbclal Secretary of XofM ITollfas:, 

Pa'tajaas Sccretnrla de Reliieloni^ BxtcrEores, Pananm. 

PAftAQtrAT: OfielEUL General de Inmlgraeloa, ABimeton, 
pBt?ii:£ KaWAEn Iola^kp: tfiplHlutVn! Library, Charlottetown. 

BntniATcu! Acddetnirt noinana, Baebarest 

SAarADon! MLnieterlo de Reiacloncn ExterloreB^ San Salvoflor* 

SiAU: DeiMirtmoiit of Forda^ AfEaJm Bangkok. 

Staaits ScTTLEMEiiTfl« ColoMal SemtitBry, Singapore. 

UffiTXD PSOViscta or Aqba A?ni Ouun i L'lidor Secretary to GtivernEuenl, Alla- 
habiicL 

Viesjsa: Bdrgttrtuet^ter dee Unapt- tnid Resldewt-Stadt, 

INTtlllPAKLlAaiENTRY EXCHANGE OF OFFICIAL JOITENALS, 

Tile Govern men t5 of Bolivifi^ Peru, and Veheiueln were nddeJ to 
those countries with which the inmedmte excliJing^ of oOicial parlia- 
Euentaij journals is carried on. FoUowing ia n complete list of the 
Goverimients to vvhich the Coogre^ional Record is now sent: 

Argentlno tlepubUe. i BoUTte. 

AUATitlUi, BfaeIL 

AtiBtrln, Bnemw Airos, ProYbiee of. 

BAden. Cnnadii. 

Betgluiii. t OopUl HIcil 


ANNUAL beport s^MiTiieoNrAX iftio. 
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Cnbiu 

Dcmujirk. 

Fnmiw, 

GrcAt BrltallL 
Cln!ecft. 

OnnteiTuilB. 

HgndiJrnA. 

ItA3>\ 

UbjrSii. 

South WoIusL 
Now Zwlnntl. 
Pum. 


1 PortughL 
Pruj^Eiu 
i QucenflTaod. 

Huiminniii. 

Uu^Ia. 

EJcrtilft. 

Spoilt. 

^wLt^rloud. 

TransvaaL 

Unlou of Soutli AitIcA. 

M^ostorti 


It Will tUpiufortj be s&en that thpro aro miw coimirtes wUh 
whicK tliia exeliangi* ig conducted. To some of these countries two 
copies of the Coagrcssionul Itecord are sent—one to Utc Upper otid 
one to tlie Xx9Wer House of PArlmment—the tota] niunlwr trans¬ 
mitted Iieing 41. 


LIST OF BUitCAL’S OH AOE^'CIE3 THHOUGn WHICH EXCftA^GES ARF 5 

THANSWITTED. 


Tlu> fuUawtD£ U A list of Uw liureflu^ or ARcui-tcH iLrouifli whldb vidian^ 
are tranantttii]; 

Aiheuia^ pio FranccL 
Aacola, Wd Furtugnl. 

Aaok^iTINA ; Goml^lAn Fr«le(?Loni ila Elbllalpcms Saota SBU» 

EupauH Alrv^ 

AuimiAT K, IL VEpnao. 

rirt Furtiigal. 

Beluu'^ : iiCfPvlce ties ficbausceii Lutcnmilcjujiur^ rtuu iiOa;^hartat£ 
4a, Brussels. 

Bolivia ; ORcliui KadoiuLl de Ln Foe, 

Brazil.'^ Servl^^ lie Furmu tact's litC£raAHLmuc£i, Blbllothocn Xaulotuil. rt[(i 
JarteJm 

Bamsn Ool40!(i£¥i t Orown Agents far iJii^ Caluali^ London, 

Ottia^a: AKrlcoltuml tmii Conmierclu] Society, Gpai-gotowji. 

BiunfiH Hopfoimia: CdtanUil Becreinryf BcllEth, 

BFLajLaiA: lastitutloni SoJentlitqiiiis ile S. U. Jtoi tie Sofia. 

Caxab¥ Ihulad^s. Ha Spnla. 

CnjTx: Cttiijiw InteruiiofoDalea, Bllifloirca NacLonaJ^ SantLago^ 

CniisA: Amc^rifitu^nbUieNi Pobll^tlon Exchaage Depairtmont, ShAnglunf Burtanj 
of Forelpi AlfalrA StiAnghaL 

Cdlcmhia! Q^LiInA de InterUiLeLoaal^ ^ BeportOp BfblkHecn Xadonat 

Bogota. 

Cowt* IUca; Oilclna de DepAslto y Cnnje luterancloanl ile FdbIleacioDea. San 
J<»4 

Cncr^MAitK; KonneUge Dau^e Vidoimluib^nitd! ScUkubp Copenluigoii. 

Butou OtriAJffA: Borfnnamscbe Kofualale Blbltothcek, Faraniorllio 
ButTAsOB : aunts^eflo tH? Belfl^loaea Erterlortas, 

Eow: Govcrninoiit PiiblleaWodi OlQw. Prlatlng Departiueot Cairo 
FB-^SfCBj Service FroDcnsg dm fiehanBis rnterdatiormn*, Uo Roe de Grcnetle 

HiH *■ 
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Amerika-IrLi^tEtut Bi>phn, N. \\% T. 

GmsAt BmrTHkfX I^Er^Tfu: Williiusi Wrsli^x Jt Sail, 2S EAscx Streets 

SlmnJ, lioactaii. 

Greece: BnUloUt^u^ ^^attnimk^ Athatifl. 

GnEEXLA.M>, Bidtiinhrk. 

Guju>KW>uitiEt vi(t Praise 

GttATEMJAA: lji£$tlttito Nttdaaiit tin Vmrwno^ GiiiitL'miilm 
GUI MU, i?fa rortneal, 

IjAiTt: Setrfttalro tri?Jtat ilca Bolntlmu!; Ext^rlcumi, Port ilu PrlD«A 
Btti'llfit'ijrfl Kftclotml, Tesrudy^iiinx 

Hw(U5t: Dfp JnUm PSkler, J^Etpildpal CHBto of i^tatlstlcUp V4cl-uteii Sfl, Huflii- 
piviL 

IocfA?4i^. Dc^iintark. 

Ixhia : IiiOla Stom IX^nrlnifiir, Inilla Lamlan. 

Italy : UOMo dji^ell St^tsibl littaniaAleiiitill, liJililii3t0ifii Naalaimla Vltiorlo Kmjiu- 
Home 

Jamaicta ; IrtuLEtuto of JnmfLlni. Kington. 

Jat'An : Iiufic-i'ic].] Ubrary Jo[uiDp Tahyo, 

Java, viti ^^cthorliuitIf»^ 

Kfliuu: GovemteiMjt f jofiotTkl. Kdjo. 

Liheria: Biirentt af BYehttri^oR. HurorLumol of Stuto, 

Lauren^ AlARgUKK^ Goi'vrftnwnt libnio% t.ciiircn9i> H^liinim'z. 

LiixEuitumi, rf(f Gemwijy* 

^lADAGA^AR, Vit$ PmJSCe 
AIadetra^ rJo FortflgEiL 

aro!»n£SEoiw! des Affium CetiQj& 

^CoxAHoiQUEf Tfc Partufpal. 

ymTEBLATEivA; BuToiu ScIf^Ufifiue Oentml N^rlanafllis* HjliHoth^iie du TUnh 
veraJt^, L»?ydoiL 

GuiNtj^i Ho Ketherlnnds. 

Njnv Socrrn Waieo : Ptiblic t.flTrat7 of Kew South Walra^ SyilnGr^ 

JJew Zsala.'^p: Poitilnldii Miwteam, WeiUoirloiL 
NicAa-^GUA! ^[EtdACcrlo do Beinc-loaeo KsttirlopeSr M^owkho. 

No* way: Norako FrccIoHlw Baivefsltot BliiOothotiet, Cltiri^liuiliL 

SocTGtJirla de Relaeiaiies EYtqrlon^ PammuL 
Pahaouay: SotvIcEo doGntde rptofnndoiml d« PuhMcac-lont:^, Scedtin CoEmniar 
Y do Gouiprdo, MliilsteHo dc HoToclones Esterlurof, jVjflindott. 

Persia: Board of Foreto MEjssEoim of the PresibytorUin Qiorch, Now York City, 
P&ir: Oddofi dc RoimrtOi DopdtfJto j Ohnje IntcmAoloimt do IhibllcacJonGfi, 
MEtitrttorio do FoMOBto, liimi. 

Postctoal: SorHco de Fcrruutad^ InterDaclocmCiS, Inspec^o Gornl dfu BEIjUcn 
tiajee&R e ArtJiEyos fithlEicm t-lsboiL 

QtiEii?taLAprp£ Horentl of FxchaD^ of Intorimtlotinl FilbllcnUons^ CbLof 
retnrj 'R CdOoe BrEtshftnn, 

RoififAjfiA t AendpraEu BotiJiUJap BticlitiE*tf!Kt 

Huabia: CommrsafaD Huw dcs I^^Emngcs IntorEinUouaux, HihlEotEn&qiio Im^ 
perEnlc Puh!iqtte, Petropnirl. 

SALTAtica: liIliiiRtorlo do BotAcEonoir ExtoHnn^ SiilYiiilor. 

Squua: SectEon Admlnl^trAttYc do Mlnl^^ro dw Affnlns Bplgniilo, 

Siam : Deparimotit of Foreign AfTnlrs, Buugkok 

Roirni AuartLAUA: FnEsUc Utimry of South AuRtnilSn, AEleliiErEo. 

Spain : Servldo doJ CambEo IntortvadiuiRl do PubHoacloEt^ Cuerpo FmruLtiitJTo 
do ArchlTOfo^ BlEi1IatecQ.Ho$ f Madrid* 
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AlJKUAl, 


HEPOBT SMItHBONIAN iSBTlTimoy, IftlB. 


==SSsrrisi=rs:—- 

.f lb. ^ytcrlox. Cbu«l4 Tort, 

BS^v"Sc.rUi Snwid ttDd TobaBB. Part^f SpBlii. 

B««l »f CommlBloDGra fw Foirelsn MlEatowt, Boston. 

^ A^ca: Gov«™t rrtnOoB Wcrka, P«torlo. TronavoiO. 

UmjooAT ; Oftriim de Canje Intrnioeloniil. Monterlileo, 

Viwnt'HJL; BHiHotc™ Nodonnlt Cftrocan. 

Vjctowa: Pobllc L.lbrflry of Victoria, Mc««nniit 
WEffiran Aninaiiii: Pi!*ltc Llbmir Westcra Aoetialla. 

AST> IfiiAifi*: ImptsriJil Departwait of Agrtcallure, Brld@e^ 

town. Bsrt>sidoa- 

RBpedfuUy Mbmitted p ^ Sn«i.A«n^ 


nUjff Clerk. IiUemaHonal Servi&t. 


Dr> D. Waicott, 

Secretary of the Smiihsonutn iTWtiluii&tu 
Aucttst 2 ^, 1916 - 



Appendix 4 

REPOHT O^T THE XATIONAE ZOOLOGIG:VL PARK. 

Sib: I have the honor to present below a rcpoit conccming the 
operations of the Sfational Zoologicsl Pjvrb for the fiacal year endinff 
June 30, 1014 * ^ 

Tliere was nllowed by Congress the aiim of $100,000 for all pur¬ 
poses, except printing, for which $iJ0O uddittonui was granted. 

The European war has had a aurked effect upon the cost of living 
opinutts. Xot only are the prices liiglier, hut transportation is more 
dlRicult and therefore jUDre expensive. Many of the regular dealers 
have bren obliged to withdraw from the business. Xotwithstaiiding 
these difliculties llio National Zoological Park has maintained its col¬ 
lection fairly well, and remuiiiE at about the same level in niimbere 
ns lust year. There are, indeed, some 15 species in the park not pre¬ 
viously exhibited here, A careful estimate of the value of the ani¬ 
mals in the collection diows that it must be at least $00,000, at the 
prev'oiling market prices. The value of the buildings k estimated 
at $t>10,(HK)- 

ACCKSStOSS. 

Btrth»^ 101 in number, included 5 Americaii bison, deer of 1J species, 
a ynh. It South American tapir, a Ractrian camel, H fiioukcys, some 
other mammals, and a few birds. 

Gifts, —^The most important of these was four elands and four 
Kashmir deer received from the Duke of Bedford at BViburn Abbey, 
England, Three fawns were bom from the deer during their transit. 
The complete list of the donors and gifts is as follows: 

afr, IMwiird Atid(?rFDD, Jr., Tocsod. Afl*., a dMcrt lyinr. 

MUss Blaudc WiLBliSogton, D, G., ii ctsiomoD 

Miss Moi'lnii AsMtS'r D. CU n bfirrod owL 

Mr. O. E. Buymri\, €\mrf\aipr, Fla.* two barred owlit 

Tb^ Duke *f B&JfortJ* Wnburti Aliiwy, EnftSnntl, tmr riciada aud femr Kuwh^ 
iHlr deer. 

Bureau orBlolagieuI qii Amerleuci niartoit 

Mr. fiobert Burrowa* WMblagtoli, D, two aUlj^tora. 

Mtali Arglne Ciimsi, WaahLogtori. D. CU an alllj^tor. 

Mr* Austin M. ODoper, Wasliinf^ou, J>, 0^ a tarantiiln. 

Mr, E- J. Court, Wn^ln^oil, D. C., a gFmi br^rneij owl. 

Mi, BJalEN-^ Kllclua, WaabLo^on, D. C31, two raceooua. 

air. W. G, Enseri * Wn^lngtoa. D. CU, a copperbeail iimkc. 
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Vlctcif EriLB^ Wa^liluj^oix D. ttir€?e marmoactiee. 

Oeorge Flelti, Wjuhlngtonp D, Ch a T^aa amiadllJo, 

Mf. ^ Jlanmi. D. a simkt?^ 

ilf. O, M, Httyac^i, \Vaifli|ii|,^ciDp IX CL* an ain^itar. 

Mr. States Cu]wulEir S-urvlw, an oecJot. 

Mnx Mary EX WaflUiUBtcini D. C?., twi^ nnrnikeetB and a 

Hubon Hltt+ Waflh-lttetnti, D. C., a l]are-c>a«l cockatoo. 

5ktr* Cji, (X Hoj^an* Catooro, Va., a in'oy foi. 

Mr, (jcor^ Howall^ WnahingtDCE^ R C., two aUK^Ldnt 
Mr. R a Huty, Hot Sprlni^B, Ark,p d (tuskj wolt 
MSsg JiH^rgtns^ WoaltiJi^otip D. C., an alligator. 

MSxys Mnlo 1VaoJiln(jtoii, I>. C., a sray fos. 

BIr. J. O. Lamon, fCoor^TillCp Tcun,^ a black onokc. 

Mr. T. P, Lovcrtog, WjualilastOfi, D, C* n kins jcnnkep 
Mr. £. I#yoitdp Wnsbingioii, IX C., tw'o ulUgatora. 

Mr. Ylnwn Mcl^^an^ Wfi$blagtonH D. C.p a gray twirrat. o ammw, antS a m-at 
n»l-crc£ted eockatpo, 

Mr. Lec fl. PagEt Wanblnijton, D. C.. an anigalorp 

Hoil Frank Park, M. C., Sylr^ajter, GOr, nl rt?tiu0it uf Inte Seantor Bumi, 
thiw foi sqalrroLsi. 

Mr. Boticrt Portnor* Wanblu^otx D. CL, tm aLUgotor^ 

Mr+ Q. S, Rockwood, Wiuthln^oap D. 0., on alligator. 

Mr. Baynninl Scliltulol, Wa^lilngtotip 1>. CX^ oa alUEaiOf. 

Dfn IX W, Shnfotdti liVa^tLlngton, P. a black ^fiaake. 

Mr. J. H. Stelgn Washington^ D. a black EUkolft^ 

Dr, J. It Sttwnrt, Wokhlnirtoix B. Ch fl woodehack, 

Mrs. F. B. ^ralkcsp WosMogtoix D. C-, n parrot. 

Mrs. IL D. TlngHlcy, Washtagtoix D. C,. an alllii^tcir. 

r. C. V* It Toirnsond, SlnnlAingt Mich., a coyote. 

Hirix Woodrow WILkii^ Washington, D. two hahl cosIesl 
Unknown donor, on alligator^ 

Unknown donor, two cardinals, one coEniooa mocking bint oao brown thraalicr. 

ifxcA«nyc#.“Thif of a considcrablis niiinW of soTplus 

animab maje it posoibk for th« park Lo profit by 1S7 esclianges. 
Among the important acqubitifina were a pair of young Iidqs from 
the Department of Parks, Xew York City, a male guanacu from the 
Philadelphia Zoological Garden, a ehimpanzee, a fine pair of Siberian 
tigers, a nilgai, a pair of mule deer, a pair of Columbian hUrlMajIed 
deer, a great red kangamo, several tnoukeya and other mamma b, a 
ssrrretary vulture, and a considerable numW of other birds. 

The chimpanzee wm fiew to the coUeetion and is n very intelligent 
uutl intere43tiug male about 4| years old, from the forests of French 
Congo- He b au oiiject of great interest to the public and attracts 
much attentiou everj^ day, especiaUy when at his meab, aa he has 
Iwn taught to sit in » chair at a table, eett with a fork and drink 
out of n glass. As there was no conveniently available cage for him 
in the monkey house* quarters have been provided in the Uon 

liou^. in u comer whm he k shielded from drufia of oir In 
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order to prevent feeding by visitors ii gliiaa screen Tfiis erected be¬ 
tween this cage and the public space. Pure air is provided by a duct 
lending from the outside of the building suitably w-aniioU by a heat¬ 
ing coil. He lias made himself entirely ot home there, appears happy, 
contented, and quite healthy. A larger, more spacious cage will be 
constructed for occupation during hot weather, where he can be more 
satisfactorily seen. 

Frmf^ YeUovfstoM National Piart.—Two black timber wolves, in¬ 
teresting from tlieir rarity, were transferred from tlie Yellowstone 
Pork. 

Captured.—N raccoon, posibly a wild one, but more probably one 
that had escaped, was caught in a trap. 

Loaned .—3 mink and T martens were temporarily loaned, also 1 
monkey and a parrot. 

LOSSES. 

Among the most important losses was that of the young male 
African elephant, Jumbo II, n beautiful, active animal that 
bought from the (iDTerntncnt Zoological Garden at Giza, Egypt, in 
1913 He was then aljout 4 years old. The death of ibis valuable 
animal was entirely unexpected, as he had always seemed in ex¬ 
cellent health. A post-mortem examination, made by veterinarians 
from the Bureau of Animal Industry, revealed a rupture of the 
stomach, a tear T inches in length occurring along the great 
curvature. Escape of the stomach contents had caused on acute 
peritonitis. The cause of this rupture is quite obscure. The diet of 
the animal had not been changed cither in quantity or qiinlity, and 
the stomach had not been orerdistended by food. Nor did an ex¬ 
amination of the discharged material reveal any substances that 
might haveoccasiaiied an active fermentation with considerable evolu¬ 
tion of gas. The other viscera showed uo gross pathologic changes. 

Other losses were a male lion, from softening of the brain, a fur 
seal, a male California sea Hon. a black leopard, from old age, a male 
Ante ties Q bison, from pneumonia, a male and female nilgai, from 
generalized tuberculosis; 38 animals were lost frem attacks by cage 
mate.% by dogs (clireetly or indirectly), or through other accidents. 
Amebic dj'sentery attacked some spider monkeys, recently received, 
and caused the death of sin of these animals. Post-mortem examina¬ 
tions were made, as usual, by the Pathological Division of the Bureau 
of Animal Industry, Department of Agriculture,‘ 

' Tli« of dMta WiW r«I>ort«(I to bo *» f«Uswo: Encerltli, £4 i (utrOUteriUo, 4 i 

BO»u« a; rmoontnoon «oiic. 11 intrttjniJ ooeddioou, 1 1 orRmnDiaiAf, i i 

pufKimoDll, IB I iDbfTculQflld, 14; cODattitlcin of limevi 3 1 putineMTj I; utbuLl, 

1; aepcrGlltovtio 4; 3; 1; 1; pcric&tdUlmi ]; 3: 

titty d^nrrmtluo of 1 # ^asi^Twbv frt 11 nemfiB ai tvetom, I; 

of brUti, I: hencAtoma of liraT, 1; i: ■uoala, S; rupture of itvEUAfti, 1; do laffl- 

ctent Cmiw ntvt flt far fixaMlUtlaii, 3- 

TJ830*—fiM inn 
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A^NTTUAJ;. BSPOHT SMlTaSOXIiN ISS'IlirUTlOS, lllW. 

ANIMALS IN THE COLLECTION JL’NE 30. lOlOl 

.mammals. 


Cfttuapaniw -* 

Mddb [ H'fte'hpiIA^^a 

TnUm uonkvy j (7i*(nH?pfrh<«if pa4^9}^ 
Dlfljia DiLiUltPj E rircc44>. 

Boburl m^nki'j $Jfikc^rifi dnlmV—^ 
SbtanciDc m<fnk*y (ir«wiif 

ilTanmir nrmr*- 

fHnUil_,T,- ------ 

KJirHUa HonXry (JfuM™ 
hrowii bqRi:Ai3U« iir<^ffirfrt|i_ 

nuDDkrv Clfffwtm fNirHlpLiJ- 
hiaor BMirRine' (ifwnS^TW# 

Cbflcfua pwcviHiw>_^-- 

finlDiw In^OCib 
Yfllfrw ImkMWB iPkjp+O 
ILiTiinilryiiB lii<MWB {Papi^ homa^ 
rfrpilrtl --■;---- 

M^oarllk {P^pio 

WAUMbrwtiHl ripuclalti hw~ 

pNl^mt . — ^ - 

firown nipQirlitDi 

CTinur ■pliler-moii.lt'i?? ffcoj- 

fnsv^ > -j^ ____ __^1 

>*ll.rtstbS4'ttf^ ffTcpdl^ 

aionn^w Irmtsr iLrwvf - 

BUc« Wmtir iUmrnr Hwcarp)™.---- 
PoIht l>iAr f3*Aaii?inc (P# waHiJit***)--.. 
fiarapnii brown h^t 

Kii^k b«il’ iVrm } - 

Talcutat bwT 

Ala:*ik{ib l>nJWO bMr iU^wpp^M) —. 

Kld^r^rR l>rBr rUrtB# lirfdni) - 

Iljbrid brtf llJ^mM 

ItluiiLUjaii bMr (I7rjvj fAfbrloMiMi^_ 

iHfur 

iiililj bear AofrfWIJ#) - ^ 

Black bcur ((/ntif mcri'^aniPfJ-- 

C^aDUBoa bt«r l^rjuijp limtrimnmMj — 
SInth ti«Lr fJrifdaraait 
ICInhaJiju Mipdi tiorrKra*y _ 

Ca« 3 Dll«tJ£ (^a^Mrirctif a#t4ffo}»^^ 

ffmjf Matlnaandl (A’tPma iwrf«|^- 

BjLCCtWQ (Prtcpua 
Amrfieab badfffr fFa^ld^a 
KuTop»D Ewdkvr IJfrfr* 
riunjuftn likuDli {ilrphltiM puffital,^,- 

^yim Wwra>,- 

Ainirrleaii EWrtc;D (Maitelo mcri- 

fpifapy __ _ 

Ftalirr CkriiArrra madRlICf -- 

Uluk, (PuloKai rUPi^y —r-,- 

CommoD fetnft iPutnr^ut jmferl**} ^ ^ 


otlat 


Lutm c«a4> 


‘HoTih Aioarlean 

- -^ - 

^kJniiii dug foaiflfaH^),.^^-^- 

Wtiico 
fJrav wolf 
Dum wolf <fMalr 

Cojreto iranrj larramil_ 

Woodbfsiw'a rnyutp ffcn<i frajfrw>_ 
fnvi rPiilptfr pnHti^rrta^f1^_ 

^wlft fjiv. {Fw7p«w _ 

Arcfk raf (Fiilpi*^ Idpi^pHiJ.- 

r*mT far fb'rirrwafl riarpaa-cncr^ f^#)- 

lilpattfd bypBa (ifinmo _ 

Afrlcaa draE dtrdfn>_ _ _ 

CoRutioa friiiil iCh^apflff ^j^unffaji__ 

Cfac4tali r^ifiioJIuriH /vfidlua)__ 

E«ml4n Ilofl 

Bniial tlBPr (PriiM __ 

iquvrtaii ilpT fFrfI* tip* JwfpIfJjf- 
Panaa ortpownwCi Ai;pjMWfo»K 

Jiifftar (FfclCp opiiw> _ 

LpovajhI iPeiU wdtul^^ 

Ocelot ip€iU __ 

CauMtn liDx fLpu eAiii£#dKaii)^ 

Baj Ijnt <lpptE« TWfviV- -- 

fCpotM IfM Itpw mfiiur fcWfinvlt]i__ 
dJifciRiia imk (idfiw «<» (iolf/ami. 
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FlarE^JI Isra^ {L^ns nifa# ^onldaniul- t 

Slellcr's Mil llOD *tf(- 

—^____- 1 


OallfSimla lea Hod rJ?dlvpPiup oOltfor- 

aroipBp^ —---— 

Harbor HsaJ iPnoco 
Fo3C pqulrtel tiS^ofUiW^ 

'WtMtrm fox aquirral |jfclarui Jaifo- 

ridtf PHMS} m, ^ m. m w. 

(3 ray H]Dlrrd (^dap^an cof sdraniiri*)_ 

Black agiiliral {i^cfarp^ curoflonuCfl- 
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40 
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1 


Allil&o M|Qlm-l <ifd|irpe nii^flOifiiMlnJ - 1 

YtilrtceD-llnikl aMmaophllft (^per- 

__ 2 


o|r (tVoiftjii latfdiHridaaal.., 
rb tr 
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1 

3 
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3 
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i 
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1 


PraJjlo do|c , _ ^ . ._ 

Wondcbyrli; tjtfijnpofo fBoaflirj_L___ 

Ain^rlcaii iwavn-j- irarfiar 

rnypn i ilifPc4Plor ooppiF#>_ 

BtiropraD [nraupinc C fftf•fi't* * 

Imllan fN»m]plD« (l/prtHa IraShira]_ 

Vlaii^cka (iHjpoita«a« frfsiAaddcIV'Tupl ^ 
McXiraD a^ocitt i£^d.tppna^o afrfl- 

__ 

Asirm^ji agoatt (OdipprisirJa j.._ 

Cffaled BEOod I &d«|rprocf[$ nri#fa|j||^ 
Ilalrf'rtlJp^l ajioBtl 

Baca (f7Eal0ffcnva ^-- 

IlniDH nib _ 

FaUgontda cRvj (UoESfAaHt pnfo- 

prynfs?ifr| ______ 

l^oltpatan nbbit (LrpHJi 

lioiqcRtls! MbbTt rvnldi^HjU 

Afrl^D rlrphaat iKtcphOM 
Sfaillan rlrp^nr llf^cpasu atoxf._ 
BTaxlllan tapir an rrCcoaiM 1 _ 

lEaagoilAD bPnw l^fuup pra^icHYJjJrECK 

UTprfm tchra C^^vj iirco|i^J___ 

^Inra-liarw hybrid pr^jfl- 

robolfap)___.__ 1 

^hra-doDl^ bybiiil IjE’^bk# prvrv^ 

tbfimify *_ 1 

0 raAt'a kcbra f Emat ^rrli rJff sjroirf l\_ 1 

^Hand pocotry IDfrohrlrj tiHpailalaj!>- 2 

ffllrl hOflr utrofa}^^. __ j 

Noribera Wfitt bOjp {PhapafAvTv* afd- 

riFflwfj__ 2 

Hlpjpa^tftimifl (Hlppoao fam hi urn- 

OnaiMkCo (Zflaui hprtaiffrJiarS 3 

TJazna ^__ A 

Alspico (Loind iwdtki I , 2 

Tlnibna fl.iriiui 1 

^rt^Q cWTOrl frrqmrEoi bacfp^dnvv)^ a 

Arabtiia iwnirl C'Tfflifl^ilpij dmnrfdaWfiJi]. 4 

Hasnliir 4«sr (rrriwj ynIcoParl.._ « 

l^lMpplon d«r (Ccrt-Hir pAflfippfnvi). 

Hok ilcrr (Om-nM pordiiaJl^_^__,^ 

^raalDbha flwr <l7crFUi du iMvccJf1]i _ 

Ailt drar fCcrTYM oda) .*._ 

JapBDtaa dr*T (f^rrra# _ 

Kapfaailr dorr Warvw rtuPiMlrilaiivrl _ 

Had flrrr fro-CH# rlapAu^p__ 

^rrlnua rik crmw# i»anddmriir>.. 
FaHi!!ft diwr i€rrcM$ _ 

yimlDla drar fdd^mrrntir _ 

Myta d^r lOdccbfrmr hem0imvj\k _ 

Columbia a black-iatlni (Odomf^ 

rofHiibfftaji4>_ 

Cpbaq dorr lOrtocotJrwa jp.)IHl«I 

Pl^tiok fdtftaollaoii afblfrojiai_ 

ailed tCoaaoflliwrtf# gm^jl 

taflftn lattEBM (AnH|as«< cimiWm) , 

(troSSSl... 

***” JWfWope 

EmJ (T(»uS»l»^Sil‘“S»» 

wtPpM)„, 
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T«br < nai^pvi /mlaCnMl_ 

CircELHlu EOAt 

UftTiwry (Oirfj rrfPf^XnpJ^iPJrl^. 

Barbaifoa mhrep tOr*i 

Aom’'*Un«<r 

ZrU^ frtrfCruil,— , .- 

Viik 

ArntTHCaO Klwa <JJ/Mi'fJi D-iiwrtDBitiw^^^ 
Ualrr armadUla vmt*u*i-~r 


MiH'kln^ litrd Clf^mlu 
Cnthlrd (/JiriHrKlIii 
HrQwn thnifllitir (Ta^^JiXtiPd Mi/ufc|- 
raiiia 

liU^hlaj^ thnuh 

AU^Bllkn CTttT lELIIipttr (^illlfAlltfM 

cXvrtd)___ ■-- 

ilUliop aDch. (raadfi^ra ___ 

Cnl-lhTTCit nuirh 

rtaffh Mauid^pm wrlaHolip>--» 
Elack-headcd Pl^rb [IfMaCit alricik 

pfllsH ... 

TlirwMwIoFcd i3ta47h (J^iwCei maHuxal- 
Wairr-b«Ail^ dn^b (JfkPila 
^ntiai^S UnCb ^Ifgn^ pu KLf„ 

jAri HiniTow llfttfifa graxiroirA)^^^ 

TVhltBj Java ■pcfi.frQw {xmaM 

aurora ^_ .._ _ 

ISJark-fH cf?d GoulJJjta dacb (J^p^2j(la 

pauldiETj,______ 

Ecd-facrd PDoldljia flaLh (Pal'sJiilni 

S^arp-tailiHi iriua Oacb {Foi-pAila 

_ 

ChriftAILt^bn^fffftS fl.DCtl (/Iap4d|;4trri 

EXHiQRfcd'A arul___ 

Nnpulfua WxAt^t IFfrtiin?lkAa 
MailADBcaLT wcflTcr {FOudla aadai/sjH 

a(tWAij*£i> ■■ __ __ 

llMl-bllted -mt^rrr ^•elcaji^ 

i^rai^lajc w^Ttr (Fufwq pdnodfflOd) 
]LMl-cr»hdl cardinal tPanMiHo eurut^ 
lala| 

Ccnhiunn cardinal (CardiiioJiii eoxdtr 

HOlJi } ___ __ 

EalFrO(ii flDcb {Pncalid ff^ reoXal _ 

Yrllaw hmmrf- > _ 

CdbiEDiiD caiMrT Huulriui) — 

t'owbtnl (ifdf&iftfTi# _ 

UL<hit itartlnf iX«Mpn»ffirR4 cauda- 

(■#) ______ 

Futrn J^^jrrkr ceri«J^,^ — 
Aiutrallan crair r^w-Fua 
WJ^tiG-lbroat«d jkf (C7aFrvJ4i4i Ini4k“ 

Blue faj iCiano^tta rtfaf_ 

Affl^ri^n mijnlili! fP^rs pfca Aud- 

tlcd^bflted DUfpte (UrwoiMm s^Jpf^ 

fflNa)_ ___ _ _ 

Yennw tfr^nt [Pllcifi|?iii iurpAki^fax 

____ 

Olnnt kiajfllHturf <£>a(Yf0 pUpflu 
CChJiAii ti^icuqoed aornbllt {£}rgXQ.^xgr 

Wwmfi'J _____ 

EriieEijiJi filnffEV 

«TIMJ _ ...... _ 

TrllniX-bmjitM lar7_»____-^-.__^^ 
^^upiaIel larj \TricSQfft^ut 

aarT- h oTtgAdf^> __ --. 

Snlr-breut<fd idrlli>nt 

*AtortXflp^^ora#>____._^^_^^___ 

Bu]pbuj-i:re<t«d c^lMtfrD <Cdc^uk 

iTttfrHItfl______ 

TJ'blte cockcatOO CCd4Xilka 4fba>_._ _ 

flreai r«d-cteited wkkIOP (fiicflfua 

Md X HOFm aCf y 

LefldbMter'i {O^fVa^EM^ 

crt y__ ___:_ __ 

Bare^^ed mkdtno 
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17 


Orntt mjf fcitifiantd tiS/<*w?ppa^^3» 

fcMJy,_ I 

TTnllarw CB'gti-opap rtr&pvluay S 

Red kan^nio (Ifac^pfiiii ru^vil___ 3 

BebUcIt'i iTAlIal^y <Jfpi^nipai 

bFunrfXi},___] 

Fhalatiscr fTHr^Ptuni# raip-^PN ril> S 

Vin^la opFBaujq (Jj^if^Ip^pa 


tllRfiS. 
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12 

14 
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16 
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1 

I 
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3 

1 

I 


nAaaale cofkalcb 

_ 

YrlloW IUmJ blUa itUcaW I Ant <p-4JncrH- 
lii>d aad jtdimr Auil iTluv uiAoAw 1 4m 

ftia^i-iQl_______^_ 

IbNJ Abd blue tnacAvr 

rrFB> 


iCai04l«4 


fArtt cAIprtp* 


IrJ (ApupDfmfa pnflef^a 
pamkaet iJfWgpHffafTP# h'h 


G fAj-tiriJtHilad iKarrabecE (IfFdpJtit^k- 

eai neiwiFAHtl_ _ __ 

Ciltfan pqffDt <kiiaaappj4lrriObnrpA<rltt|. 
Fenfire amaxon lAfflonNa frgtirey^-^ 
rfi>r^ ^Rl^b ainBfCiii tAatiLiaro rXt- 

Tellgw-iibgnltlercd aniAien Mm^ugina 
rtrH repf FiM I ^ 

Tel]gw - Ironlcd amauu (AmaxPiHt 
nijArjif cpAjaXjty„_____„__^__ . _____ 

Ycllciw naped emaxan (Aaitupna oari- 

____-_ 

TeMfiw-beiulbd ^AHdfOjta Uh 

f rabtcnl Wnaiio^TA 

^Iral_ _ _ ^_ 

Gray IwjtdL liWfdm crpfA i3iir4rtJ 
Li-n^r vaait parrel (iTerwaupxilj nlpref _ 
BindHl porxake^E fsKi- 

fifal --- 

Lere bird 
hTjell _ 

daldliM> . _ _ _ _ ^ 

Groat bom«d owE fJlifbo ir’^r^Jiiianupy- 
Arctic liorDHH] nwX vic^i»ittHap 

Aahpnrffcapli _^_^____ ^ 

fiarred awl (SXrt* pawn J ___________ 

flpartew hAwk (FaXm Pjierpcrfa#! __ 

Bald Mjgln </fdJlC4lwr l^kH^OcrpAaXa*) _ 
JjBRkan bald eajpe t/7uHirrliix Icwre^ 
ffpAalua aXd^ciiHajy 

Geldiin mjEle (Afklla cA rpMiJfox >_,_ 

At^ntnliap ... 

Uarpj eaale cTAnuod^uft AdTppipK^_ 
Crawbnl nnvrk-eaijle ecro- 

MUXit^J - - --- 

Cemper'a Imwk MccipIXCr ca9pcrl)__-^ 

VedrXarlan ha wlc _____ 

Caraoira (pbfjfbgrtta ^^flcrflOTp^ 
Laiziincr^]ri!r lOppa^laa baHhUpny^. 
Jk-tTTb^ mltare | Oppepcnru-u lennc- 

Sautb AmFrlcan cemlor (;^ai^iarAflat> 

pAim prwA»i>__.__________^^_^ _ 

CallfQfD tA cunilpr I flam neajrfiA 

/emjaiatl___ 

Grierpp mitutr ititfp^ ftti^t} __ 

dmeieani ml lure fVpFiar mo»aeh^3) ^ 
TdliatT ^.VfspXi^ian parcTiop- 

Tiarkfj TTtlinm iC^thrtrtr.j qvml _ 

rtlAtlt TplifttA EColhaH^r)^ wntU)^ _ 

Etnc vulture iGvpwaNX papa}___^- 

nlp^n ^aejawfta Xmcflacioi_ 

ncd-bllEea ptj^D ICpInetbq 

frta) __ _ _ - __ 

Wtltt-crowfl^d {C'eFkBlAtt Ie1ic<#^ 

fNraAai4jay _____ __ _ _ _ 

BabS-tdll^ fObrnnka^u^a^dU 
Mouralaif dove CZcnaldpj-u n4e«r7imty_ 
FoaC^Ul ddYe Oxaepaffa tmaqmiUay^- 

dare tawpaUb Xfriqlal __ 

OoUaml tntticHden-t iTurJif#' r(»rfa4y^ 
Cape marked dare rOfnd wipfTf«fiy^. 
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AyNt’Al, nEPOEt SMITUSOKIAS TXSTlTtTIOy, IWC. 


AonrEttaA cnat(4 p>smi ((kjipAffp# 

--^ 

WiiniEA-«rdli|M iil^A 
piMixy - -- 

(^rdmonH 

^— -4 

B^^ blUnl curmjHoir mniiK^ 

Info.)--—-- 1 

^I'^Enniti iMantH^JW iCru* 2 

iMubeat^n'B n^r^iAiiw ^CnU tfaipbriL' 

itmn _-^ 2 

WSliS tnrkrr (^elfuprtf Lnilli^pflu* 

«4irE*4lrui —- IT 

FufoivL if^acu OS 

rm^k pbcflHDt 

dWlj) - % 

BH^rr phMLAant np^tht- 

mcr^jf ^^—-- 1 

fla-!>wME4^ frnJIPiHP 1 

Cnncflfl rKivar^ luitl i iTnw^Afri'f 

«i*irrnl4iv) -— 3 

Scnlwl qimil t^u^tmaia} 1 

VpJlry quEll (L3pftwi/f «ib/4mlc4 

mninoliAK^^--—--— r 

< 1^111 TM?ri qiilll paml)«lf>-- 1 

llflB«c-tw 4U4 i1l m«n - l 

AiacrlAD foot ajrtieri«M]^^_ & 

Gr«l limtiira (WfiJ f[infrt> _^----^ J 

f^firnTtum ouillDK (P^lHdUiMl rHilqtH-l - 1 

Th-lqalprlSfr »AB£> < ^ T 

Crows^ ct%Bw ISdrfdrtpa 2 

Wlicm^Eil CTK 1 I 9 iGrHI fliHHrriefll|*(i„ J 

^Aiid^III VTnttt WrtM* 4 

criQfr i Gn* ?«JlmlHiiridfMi). 1 

EurojiKua mia* iOrm I 

T.lirofiS'^i crane <f?nrj HJ^drrfl) _. ,. 4 

JmUan wJslI# craM (<Jmj JrMC«- 

flmrftMjJ_S 

Wh ilr ^-ftnnr f Gntt fcHriHcAAB) _ 1 

Ruff {Jficfri-fra pnipaad !^,,,,—1 
BLack^ffilWbra ptlEbt hrf-ron I .VviitCcortid 

njfcl^nrw n.!fr^P#l ^ iS 

Sin3wj? €*fCt iXarciim _ B 

arent bine beroa A#ro4l*A|_„ 1 

Great blau^-^rnwntd hemn t4-r4« 

—w. — ^n. — — 1 

BdaifilEI (CvHcrMia cvrAlmiic^ 3 

tllark atnrk <(?P*Dpirt ] 

M4rdbdi± Btork | Lrj3 dvfrla#).^ 1 

WcMMl Iblf 1 

HikrfHl INi (JbEi H 

WTi 1 t* Ible 12 

tMkfaSv •podBblli — 3 

Earapean flamlBuP f ti?T^e 

_—-—.— £ 

Blifb - Declied ■c-MtEHt (CAaiirt4 

rhdf^rtaj -—^__-3 

EfcvTKAl icnflincr (PdJoppKif^ 

-- — t 

WhiBilInff F«an (fJXpr crfHnbfdMKp}^ 4 

Trtinip«ter mn tOler ^criniFt&r) _^_ 2 

Mate flwan 4f.”|i^P4 jNbtiiiG 
nlark awuv ie;A<mvp4lf nlratdk-^^-^ 3 

Bpor-wlaRMl gw*P <plrclntp(rniJ 
ddfllbdWHal__ w^-r 1 

wfitlfr amiPCVT/ dafk m^ 

thata} __. ____ 1 


Wood 4Bf1k fpBfi#t#)« - 

^IvidairtB doirk {Dnidm«c»Hi 

■tdidl ---- 

Cap# Barrtii hoow iCw&p*lp psrir 

AdtldHdiKTl _,___ 

LqcHF taow Howne iC^ra 


2 T 


taow 
bom#) --- 


Greater anow fiowie (CAem bjqMtr- 

bom# iNi>atlBj - 

Blue Bwne iChfm J 

UpM'p f04?ie iCAfH roj#l}- 


1 

2 

1 

li 

2 

2 

17 


Aiuerlnn wbllf'^ftobEcd fodae (Aairr 

oiblrrMtii pnifibd'ii_._ 

Barred-bead Booee (Aii#or 

Cbfnnw gaoor IAh-kct _ 

Cmaada ffpone (£lilBflt4 
1lil.t.ol].1bv''p E?bcjw oorfuilrajia 

A«fe)h[|ii#4i}_ fl 

Cbrkl^inB iJiiaujiJcME# 

__ 2 

fidoM IBc^ta Jracvpiitel 3 

Upland raoae puftfut- 

_ j 

Wbl terraced tre* dock (flrmlj^cViFno 

iridaoCct) 3 

PdItcku trM duelt {DridT^cvpao W- 

Wand4*rinB tfre dock f^nidrtifFifno 
dPTPiidla) . 4 

BlMdr Pbeldmke { Cohere* frrnt^bun) - I 

Mallmd lAniu atdJFrAFnr^to#'p_^___ fl 

iGdEaa blara duck lAnat 4 

B3mcrk dyclc Mpu r**rEpfr#]i___ l 

l^MiraprAO wldseoa (JIarrrq peiirlopi^)^ 1 

FlntflU (fJnptu UiCwfnp.^.^_^_ 2 

Hlai^^lbEnl teal cOkrnrur^Hla dla- 

ow*a ____ 11 

Roaji^-bllled pochard ^Ifcto^iana 

___ 1 

Red-headed duek (kfarfln «BP«rTioop;n)_ 1 
Amerlran while pelican UVl<;eiinv# 

_ fl 

Europrfil while pelican (PeleedHH# 

onwrofolital_ _ _ 2 

RcKwate pelican (PcIreaiiMA roera#)__ 3 

Brown pelican (Fj^lrenaak ofcidi'H^ 

iaJ£.r^- 5 

Amt^l toa |>e]lniin jpelcruae# ton^ 

Ftarbila rormorant (Pknlicra^i^^ ^hI 

riiiH rTor^dahaei __ it 

Wati-r turkej (AnklJipA onAInpo)__ B 

Great blark-lHIOlied pull mu 

nfna-J - 1 

Amerlean hrrclai Hntl (fdOnae vocht 
(afat •wniih > _ __ 2 


^□J^lna run atrteilki)„_. 

Rdnth A mean oalH^h ni 

rnrfiii .. . 

Soinali cwtrLrb molpbi^ 

__ 

COEQlnoD eanowarjr (PonMUTa# paleq- 

la# I , __ 

Common rbea (JtAco emeHeflaaV,, ^ ^ _ 
Jhnu lllrORiieif# mavm hoUfmA^mi^ __ 


— 1 


REFTlt^, 


AUiiritor UfllpdfOr nUffaelpp4aui#|_ 
ralbtn] hw iaftniM (CHiratfn omntoj^ 
HuDcan Eidand tartelaa iTcrtadO 

fphippimM^ , ------- 

AtbcmarJe iHland tortatPi: tTcotadd 

rMfiaJ _ 

OUa raoBBter (JI/eiTodcnwa nuiifCiaml- 
Rf^KT^i pjpLbon IPpfACB rTsTlrti.lfflaj|,„ 
CnmiBon tma fifoa o«iiCr£cCAr) 
AiuvoPda Cffbaecf#v marfaw)^, , 


Black onnke (^mefiu e#iHiriflfor)__. 3 

Coacb-wfatp Hbahe 

tbiilj' _ 1 

Water enake <^VatrU eH^rfonJ™—'" JS 

Coi^n Pfarttr make mt. 

rBXM|.-.- - - 1 

water a^ke f ItatinUo pntmimnV- I 

Slfijs MUB-ka {dpkfheiaji ipefwiael--,, S 

Copperbfid Uac^OfrOddn oowlo^rlpj' I 
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STATEMENT OF THE COUECTION. 


ACCESSIONS DUaiNO tTTE TEAH. 

Presented^----- - - -- - ^ 66 

PureliiiJM]<I-- - -- - - lOi? 

Born nnil halcheil In ltt«? Nstlonnl Zoologlf^nl Park—. -— ^ 101 

EocclvTd In excbnng fr - - --- 1ST 

RcrcKed fro[ii Wllowstont Nnlioiifll —- li 

Cojvtui^ In Kntlflnal Kootoi^^lcnl --- —1 

DoiKH3lt<>t| lu Nfltloiml ZnolofiScnl Fart_.---- 12 


BVli^XUW 

AnLEnol? on Jumd Jnl7 1, lOl^^------—^^ 

AiTO^Ions during thn yenr^— ----— -- 474 


l,S7l 

Doduct i^j oxclian^np, deatb, rolum of anhmitii. cti\} __ _ 4S6 


On ImiHl JiiunSa. 191(^_^—-- ^l.£SS3 


€1^ 


iflili- 

TfllUzllSL 

Ifanunati. . , ________ _ _ _____ _ 

m 



m 

7il 

rLaptllai. . ............. ... ..... - -.. ^.....+ ,,. ..+* .. .*.. ,,,, ...,.,... 
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VISlTi>IlR. 

The number of visitors to the park during the year, ns detemiinetl 
by count and estimate^ was u daily averiige of 3^102- Tbis 

wn 3 the Inrgei^ years attendance in the history of the park- Tlxe 
greatest number in any one month was 248,080, in April, 19HI, on 
jiverage per do}" of 8^00- The iitteiidonee by months was as follows: 

Jnlyt Tl^JWj AumiHt. miOO; Sepltaubeip, lOO^; Octob^^, I2l.0(»i 
Nyvember^ 00 , 300 ; Decemlier, 34 , 000 . 

January. SMOOJ Fetoroarj, mjmt Marob, &5,SO0; A|irU. 248,080^ 
aiLi>s 128,200 j June, 74,300, 

One hundred and sixty-one schuoU, chisses, ete., lisited tJie park, 
with a total of 8^70 individuals. 

IMPROVEMENTS. 

The hospital and l&lK>ratory building which was mentioned in last 
years report has botui nearly complcietl^ lacking only the interior 
littiDgs and the necessary outside 3"arda. It is a pleasing slrurtnre, 
built^ after the designs of the mnnicipnl arthitect, of blue gneiss of 
this neigbborhootlj warmly colored by Indltration of iron oxide. A 
retaining w^all was built And some grading done to provide sufiicient 


































§0 ANXUM- P.KMHT iXSTlTurTON. 

area neur Ihc- builditig for quiLnmtme quartera for such unlmals rs 
do not require atlifieial beat. Jinny of the diestnut trees surroimd* 
ing the building became blasted by the “ chestnut blight” ivod had to 
be cut down. A roadway of tar-boimd uiucadam was con^meted 
about the biultling connecting with the nearest main driveway. Con¬ 
nection with the nenrest eewei* (in K1 ingle Road} has been effected. 
Preparation abonld now he made to put the Ittbonitory into elTcctiTe 
opiH'ation. A modest supply of the necessary appamtus should be 
furnished in order that suitable facilities may he available for post 
mortem examination hy the Government bureaus cooperating with 
the Zoological Park* 

ALtentitm has previously been called to the fact tlmt the topog¬ 
raphy of the park h sa irregular that it is Jifficalt to find building 
wiles with nttnehed yards in eonvenient situations witliout extensive 
grading, A case in point occurs at the site of the bam which has 
been used for bison and other hoofed animals. The building here^ 
made of logs u'ith bark om has become unsightly by decay and re¬ 
quires e:Etcnsivc repairs- It is situated on a hill of small elevation^ 
but tlio slopes of whicli are sufEeiently steep to cause continual 
eriision when it is worn by the hoofs of the animals. It w^as there¬ 
fore thought best to grade down this hill and fill up the adjoining 
gulHes^ raudi enlarging the artu of tliy yards In order to do this 
efTectivelyt it w as necessary to borrow earth from the prominent ridgi 
thfit extends from the zebu house northwesterly to the camel varda* 
About 25^000 square feet wiU Ije added to the level ground pre\ioiisly 
available. Only a portion of this %vork will be defrayed from the 
ernrreut appropriation, the remainder from next year a appropriation. 
Tlte work was let out by contract, very favorable terms being se- 
cnretl. The additional paddocks thus obtained will be used, in part, 
for the exhibition of the beautiful ruminants presented to the park 
hy the Duke of Bedford. 

Xew E^hods were built in the property yard for temporarily housing 
these animals and others dispkcid during the fiIteration of their 
regular quartern 

A needed conveniertcc was provided at tbn elephnnfs quarters by 
imstallmg, at smail cost, hydraulic li fts to raise the heavy dwrs which 
give access to the outside yards, 

Tlie indosure for ducks near the flight cage was reconstructed to 
make it safe from raccoons^ etc* 

A concrete driveway was constnictetl in the rear of the Ikesir yards 
to provide for convenieui trimsfer of animals and of the 

quarters- 

A motor truck was purchaBc<l during the year to haul food sup¬ 
plies, for which a trip is made every day except Sunday to the market 
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And the fish wharf- A shelter house for the truck was huilt near the 
food house. 

Proparntions were bcguii near the cJose of the year for hidlding an 
Additional toilet room for woraen^ to be locnted in the vaCoy a little 
below the lurge tlight oage. 

AI.TERATION OP TTESTERN BOUNDART* 

It appears desirable to Tecapitnlflte for future reference the various 
stages Lbrongh which this matter has passed- 

The following appropnation was made by the act approved June 
^123,1013: 

Boa<lhiatiTH^nt af boantlarleii t Por ncqulrlaj;. by coDilomiiatloD^ all the lot8, 
pieces* ef Ittnil, oRvor tise ane iH^reKnaOor eiccpteil, that He 

lietw^n tAe eroseat western botmclar^f of Ute Nalloim! KooId^i^oI Park aim! 
€onn«:tlrut Avonno from CulAeclml Avenuo to Ktln^le Roadp SFlOT,^* or bucIi 
I wrtioA thereof us nmy Tm? necessary, '^h\ lan<] wlirn acquireil^ to^tlicr with 
tlio inriuUcU lilahwayis, to !» nUtJed to ami hecqnie a part of the r^ntlonn] 
ml Park. The pioceedlnRE for the coodomDatloD of s^iU lancl shnll be Instil 
tuted hy the Secretary of tlic Tpenisiiry timjer anil ta aceorUanm with tho tomw 
nnU [jrorlBiDiLs of ffuhebapter t oC chapter 15 of the Code of iJiVf for the 
Ptstrlct of ColtimhlA. 

As the act requires that the pmceedings be Instituted by the Sec¬ 
retary of the Troiisury^ the utt^ntion of that official was called to 
the matter in a letter from the Secretary of the Snuthsonian Insti¬ 
tution, dated June 28^ l^lSr A special suiwcy and plat of the hud 
ret|iiired was necse^ry, but this plat was not forwarded to the 
Department of Justice until November o^ 1013- Other del ays en¬ 
sued; the title of the various owners of tho land had to Itc investi- 
gateil. and it was tiol until March 11, 1^14^ that the District court 
oi'dercd a jury to be summoned. A hearing ivas set for April 10, 
1011:, and a final bearing of the case was heard b}' the jury on July 
2 following. Tlie verdkt of the jury was not filed until December 
11, It+IA The hearJng of objections to the verdict much delayed 
a final conclusion, espcchdly m the time of the court was almost 
wholly nccupied by a contest in au important will case. It was not 
until June 28^ 1915^ over two years from the passage of the appro¬ 
priation oct, that the court confirmed the verdict m regards the 
awards for damages for tlie land to be taken. The benefits assessed 
nguim^ the neighboring property were set aside by thig and by a 
subsequent decision of January 2S, 1916. The decree of the court 
fixed the amount required for the purchase of the land at $194,-138.06. 
The cost of the proceedings for condenmatinu was $2,203.35, 
llie great delay caused by these legal proceedings occasioned an¬ 
other complication. The appropriation made by the act of June 23* 
1913, was not a continuing one, but lapsed at the end of one year. 
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Consequently after June 30, 1015, there was nothing available to 
defray the jmrebaso of tlio bind- 

An itexn for an edilitional appropriation and for a reappropria^ 
tioo of tUe original sum appropriated by tbe act of June 23, 1913, 
WAS subuittecl to Congress, but was not favorably considcnMl by tbo 
House of Representatives. It was introduced in the Senate as un 
amendnient to the sundry eivU bill, but was dropped by the confer^ 
ence committee, 

A similar item was offered in the Senate as an amendment to the 
District of Colonibia appropriation bill, was accepted in Committee 
of the IVholej hut thrown out finally in consequence of an appcule 
for retrenchment. 

It is greatly to be regretted that this appropriation failed, os it is 
exceedingly desirable that the anomalous and inconvenieut situation 
of the park should be remeilied os soon as possible. It now fronts 
on no principal thoroughfare and attains none of the dignity which 
an institution controUed by the Government should Lave. 

[IIPOBTA^T XliEDS, 


diwy 2»u^Utnp,^AtteDtion has been called to the need for this 
building in almost every annual report since 1908. The following i$ 
an extract from that document: 

The temponiry bln] liaufie nowileil darliiu the wlatra far ticrond It# 
proper ciqiacltr, anrl It Is Impossible to enno for (Ite biKte oatlGfactarllr. Wlwa 
It was bnllt, aiul also at tbe time that Rililltloos were msiie, the funds a vo liable 
far Ibe purpose were so Bmatl that It was nec«?«at7 ta band In the cheapest 
nuktiiMf pot^iiile. Bo that the bouse bus uireaily requlrwl oinshleroblc repair 
owl will Tcrj' soon have to be lanjelj' rebum. The pare has o gmd colk>eti»n 
pf blnln, loetuainit a numlicr of rare, lutercstlno, auil valuable spcelmeim, 
Buflldeat to Bll el otire n laxipj aviary atul raakif une of the most 
and fcnttim of t\U! park. 


In the tejMjrt for 1909 ’wiH be found the foltowing: 

The need for a stractare of thts character is evldcot to ony InteUlgimt vtslter 
to Uu! iiarli. Only n part of the eoiluctioo can now he exhibited to Ute pnblic, 
because uf lock <if route, A nuinbisr of ontdoor shelter# and COKOS should also 

be for tho cxMbltloa tif himJ^ IjLriLa. 

Again, in the report for 1912 will be fnimd: 


Id nplte nf oil efforts the Dnc coUwtlon of btfds In the park Is tery far frem 
adwmntely hmiKil The wooden buildinj; m ^Meb the unget nitmher 
ore kept Is iM smaU, too low, InsABlterr. ami really anworthr of n notlonol 
InrtJtutlon. It WAS built In the chcap«rt mminer to meet an emereenev ami 
BlthottBh mnsldcnible tents have been spent on It for repairs, it l> ter fr™ 
nutl^clory. It IB desire,! to build a saitable aviary la the western port of Z 
park sad to group about this the cokto for the roclai, vuUure,. «,»iora. ao^ 
owls, now otettered sDiaeiiluit trrenaiiiriy ahout the Broandr^^It is l^ev^ 
that a sultshle structure eon be built for about fSO.OCa ■o.Mevetj 


RKPOHI: of THf^ SF.CHF.tJLHT. 


93 


It was ag^in wrged in 1914 as follows i 

ACtenLEctn has bwa oiIIgcI for ^a:^vi>nil j’onra Twan to the loipertnace of erectleg 
a saEtflbSe LuJOBe tor the care hikI pncserratlait ot the bEnls of the eollectlonp 
mo^t of wbJch are cow hoiried Lii w low iiiwiieii t™pornrjr stnicturo which U 
hi" rici means JiniUalJle for the pniiHK^e mv\ hns to be con^itBJitJF renewed by 
repuErsi The mutter hna been urj^Hl Upon CoaEres? and an uppro- 

prEiitLoii of SSd^OOO us^ed fur ii new stractore, TEiis iif m means an extruva- 
Eont B.B the aviailcs of iiiOi^t ioolu^fteaL i-oU-ectIunu C(mt constderahlF oraro 
Ituin ihbL 

Aiso^ in 1915: 

ProsTvssIvo deterLottiUon of the temporary Lfcnl lioim agiila made rcptHtrs 
neecssnry there. TOe wochjen floor, vvhleh Imd oJnsidy been robuUt hs lce, was 
reploml with coanrotep os was alao a part of the woodea foaodatioix The cost 
of thhi work was ^00. This buEMlaE is an exatnple of the nltiinato eoBEltDcas 
of eboap temporary eoaslmcldon. 

* • • « # i ii 

Ati arlary bondlo^ Is Ftlll a oiost urgent neodp and repeated efforts have beej% 
made to ^ure na approprtutEDD for this part^ose. 

It hns been with greiit difficulty Uiut the ooUeetJon of birds hiis 
twfor kept in a fairly pnesiccitable ootidHson. Tlie building in wUicb 
they lire housed is a very cotntnon frame structure that bus been 
repaired several times, liio birds are crowded and not exhibited to 
advantage. In view of the fact that fine aviaries have been built at 
Xevr York, Philadelplua, Boston, and Chicago, it seems most unfor- 
tunutc that the niitiunul collection should hove to be housed in this 
momicr. It Ims been most unfavorably criticised by visiton^ 

The urgent needs of the park vi ill be by no means satisfied by tlie 
construction of an aviary only. There are other buildings urgently 
needed for the proper housing and exhibition of the nnimals [iiid the 
comfort of the public. Among these nre Uia following mentioned in 
the report of lost yeurt 

.1 l/vnding for elephants^ hippopotami, ajid slmUar anitnah. —The 
park has at present several interesting nninuih belonging to this 
group, including two species of elephants, two line hippopotami, 
four tapirs, nnd other specimens. Some of tliose animals arc large and 
powerful, and it is difficult to keep them safely m the inscciine quar¬ 
ters to which It has been'hecessar}' to ossign them. It is also reason¬ 
ably certain that other similar nnimals will bo added to the collection 
within a short time. A-house for this group ^ould lie substantiiiliy 
constructed and occupy a space of at least ITO by fiB feet, with cages 
on both sides, SO feet deep on one side and 60 feet on the other. 

J. pvhiic comfort huildlng and reatauTiint. —This should be a 
building about 80 feet by 00 feet, including porches and a rest i-oom 
for ladies. It is urgently needed, os the park is a considerable dU- 


ASKtTAI- HEPORT SMtTnSOyrAS TJfSTlTUTIOSf, 


B4 


tunee from town nnd is amninlly viated by OTer 1,000,000 people, 
including many young children. The present restaurant is so only 
in name, it being a makeaJiift affair, open on all sides, established on 
a temporary platform and affording no shelter during the driving 
and violent rainstorms that are so common here in summer. It fre* 
qnently occurs that laige numbers of people arts drenched with rain 
before they <an traverse the considerable distance Iwtween the deep 
valley in which tlie imrk is situated and a place of shelter. Most 
zoological paries are provided with spacious and commodious quar- 
ters of tliia kind. 


vSnitable gatehouses should l?e erected at the principal 
enti-ancca to the park, v jk ; Those near Connecticut Avenue, at Quarrv 
Road (Harvard Street), and at Adams Mill Road. It is sometime 
necessary to close the entrances promptly, as in the case of the escape 
of an animal or for arrest of some offender. Besides this, the present 
entr^co gates arc far from dignilietl or suitahle for a Government 
institution. They are properly merely temporary, awaiting the time 
when the boundaries of the park are definitely fixed. Each gate¬ 
house shonld have not only quarters for the wntchman but also toilet 
fflcilUicsL 

fimndarif fence.—In connection with tlik the inclosing boundniy 
fence of the park should fae considered. The present fence is of the 
type known as the “ Pago woven-wire fence,’' 


It is believed that it would be more economical and efficient to eon- 
stnivt a practically permanent iron fence than to replace the present 
nearly wom-out structure by miother of sumiiar character. It is sue- 
gested that the matter be referred to several iron-fence builders with 
a request for designs and prices. TOle the first cost of such n fence 
would undoubtedly lx: mucli greater, it would many times outlast the 
pT(«nt Btrurture and could be absolutely depended on to stop ntilmak 
and men. Certain aiumala and game birds could be allowed to run 
at large ^thm the park were it entirely certain that the fence would 
prerent their escape. We already have at large peacocks, wild tur¬ 
keys, and squirrels, and it would be easy to considerably increase tlda 
list. It shonld be remembered that on several rore occasions raced 
animals have bixome loose within the park, and it is by no tneLis 
certain that such accidents will not again o«nr. A few vears affo 
the superintendent of the park was sued for damages allekd toX 
«*ai« ^ a yoif- The park is well wooded and a sudden 
heavy gale may throw trunks across the paddock fences, break“ 
log them down and thi« Iradmg to the escape of the animals.^Should 
this occur dunng the darkness of a stormy night it would be praetk 
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These improvements were urjped in the lest vearV report, Tlicre 
* ore others perhaps e<jiia!h’ importntit which are Deeded to brlii^ the 
estuhlishment tip to the modem staadard of whot n smological park 
ought to be. Liost nf these hnva lieen mentioned from time to time 
in other reports or hare liccn urged upon the appropriation i*om- 
mittees of CongressL They are brieily ns follows: 

AdmiTJatration hvUding. —The present office of the park is in an old 
dwelling house aittiatcil rather remotely from the buildings for the 
animals and inconvententiy for the prompt and constant supervision 
of the operations of tlie park, ns is tlie general practice in the foreign 
zoological gardens. A modest office building should now he erected 
in ft central location. This would greatly expedite the general work 
of Uio park and improve the discipline of the ivorking force. It is 
estimated that n building 50 by 3G feet, to contain ofEce ruoms, a 
drafting room, and a room for specimens would be sufficient, 

Stuhle and f&raga i am,—There slioukl he a stable and garage 
vvltcre the work horses and aiitomohiles of the park could be stored. 
These should l>e on the ground floor, a storage loft for forage above. 
The dimensions diouid be at least 100 by 40 feet. 

Shojt .—^Tbe present shop is not large enough to accommodate 
conveniently the csicpentci's employed at the park, Tlie woch] work¬ 
ing plant is now dongetouely near the blacksmith shop and the cen¬ 
tral heating plant. A separate building 100 by 46 feet aliould be 
erected. 

Ape kouee .—,Speeial quarters shonld bo provided for tlio large 
anthropoid apes. Thesie are probably the must interesting animals 
that can be exhibited and require spoctftl treatment and care. The 
group comprises tlie gorilla, the orang, several species of chimpanzee 
and of gihlKm. They are so nGerly related to man that observation 
and study of them is of the highest importance. Thu park has now 
only a ehimpiuizee, and it has Iwcn necessary to provide special quar¬ 
ters for liim. It would be quite proper to place in the same building 
some of the larger species of baboons, as they require nearly the same 
treatment. A house for these animals should have n main building 
150 by 60 feet, cages on both sides, and a wing SO by CO feet also, 
with similar cages. Outride cages should be erected along the 150 
fret of the main building 18 feet deep, along the sides^and end of 
wing 16 feet deep. 

Lion Ai?i/as.—The house now occupied by the cat tribe is quite too 
small for the purpose, and it has always been intended to increase its 
eapncity both by replacing the wooden extension by a masonry 
structure and by building an addition 120 fret long across the nurth 
end of the pies-ent building. This, of course, would be fitted with 
cages both within and without. 
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RepUlt 5fo properly appointee! house for reptiles no’if 

exists here, and the few specimens we htive are inconvenLetitJj' luid 
tinsuitahly exhibited in the lion house. There should be a bouse 120 
by SO feet, with properly fitted eases on both sides and having n wing 
20 by 60 feet with table exhibiu. This would enable the park to 
exhibit all tlie important snakes of the United States and the prin¬ 
cipal ones of the western hemi^here, as well as the cobras and others 
of tropical East India; also tl)e extremely varied group of lizards, 
the different species of crocodiles, etc. 

Torii>i»e Aotorc,—Almost at the inception of the park a group of 
giant tortoises from tlie CJalapagos Islands was obtained from Hon. 
Walter Rothschild. These still remain and might well form the 
nucleus of a collection of the tortoises of the world. A house SO bv 
43 feet, with cages on both sides and yards 1C feet deep, would accom¬ 
modate such a collection. 

Uovae for Bibrag, wUd agiet, and othari of iKg horsi fammj.— 
The park has already an interesting exliihit of tliis family mduding 
the llongoUan wild boree and two species of zebra. This should 
be enlarged and suitable quarters provided in a house 120 by 14 
feet. The stalls should be on one side only and yards 50 feet deep 
he arranged. 


HouK far tropied The teeming African fauna should 

bo represented much more fully. It would ref|iiir® a house at least 
175 fwt by 73 with stalls on both sides and with commodious yards 
arranged about it in an elliptical form ranging in depth from 40 
feet to SO feet. Some of the stalls should he fitted up for ginvfTes. 

UouBc far traplcal dgar and eio.W.-A few specimens ore already 
found m the collection. An adequate exhibit would require a bnui 
ICO feet by 15 fret with cages on both sides, the vards 30 feet deep 
j>ti one side and 50 feet on the other. * ^ 

ffows for n^rgnpinh—Tha group of pouched animals, such as 
kaiiffir^ wallabies, opo^ums, wombats, Tasmanian wolves, etc 
should be exhibited apart from the other mammala. These animals 
are dying out, rapidly diminishing in number vear by year Thev 
should have a hoi.« 120 feet by 40 feet with cages on both sidei 
the yards lieing 60 feet deep on one side, 20 feet on the other. 

Beadtethegeneral aWary building, which it is honed 
may soon he erected, separate quarters should be provided for cer- 
groups of birds, .^ong these are the pheasants, comparatively 
hardy birds of very showy plumage, offering great varictr. An 
exhibit wn \x secured at a reasonable expenae. A house for them 

a^tted to th^ house; the birds would 1« reen in the outside yards 
wbch should be aboid 25 feet deep. A small appropriation wiS b^ 
asked of the present Congress for the establishment of a pheasan 
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Oitrirh hi/tm. —^The ostriches and their near relatives the emus, 
the riiens, and the cassowaries are so large and important timt they 
should have a house to themselves. This should 1^ 120 feet by 35 
feet, with cages ou one stele only and yards giving plenty of room 
for ettercise from 30 to 100 feet deep. 

I'ropietd tcat€i'fau?l. —^These birds require heat during the cold 
season and the house would be really their wiptcr quarters. During 
the suniuier tliei' would be in the large** flight cage " or in some other 
outdoor inclosure. A house 120 by 50 feet, w'ith cages on one side 
and one end, would be required, 

7'mpieal birdt of yrey. —These re<{UiTO similar treatment but could 
not, of course, be housed witli the waterfow'L A house 30 by 45 feet 
with cages on both sides and outside cages 18 feet deep would be 
needed. 

Aquarium ,—An exhibit of fish and other aquatic creatures is neces- 
saiy to a complete survey of the domain of zoology. Such an exhibit 
was for a few years shown at the park and was one of the most popu^ 
lar features of the collection. It was installed in a rude frame struc¬ 
ture erected for temporari' use as a carpmilcru’ shop. The tinka and 
otlier apparatus were furnished by the United States Fish Comm is* 
sion, having been used at the Atlanta Espositi<Ki, The building be* 
come quite unsafe and in 1901 Congress was asked to appropriate 
$25,000 toward the construction of a pernument structure. As this 
was not granted it became neccssair to abandon the exhibit until such 
time as Congrws may enable it to be properly housed. A building 
about 130 bj* 50 feet would be suilicient for the present, 

Ifuectartf. —In several European gardens an exhibit under glass is 
made of social and other interesting insects, such as nnts, bees, wasps, 
butterflies, moths, etc. These have proved very attractive and are 
inexpensive, A house 80 feet by 30 feet with wall cases and table 
cases woult] accommodate such an exhibit. 

The fore:^mg list merely recapitulates the needs nf a fairly com¬ 
plete establishment such as mar be seen in the European capitak. It 
would f« well if the municipal architect, to whom tlie park is required 
to go for plans and specifications for buildings, ootild be asked to 
prepare estimates of cost for all of the above improvements to pre¬ 
sent to Congress. 

In order to accommodate the buildings a considerable amount of 
grading should 1» done. The park is already cramped for space for 
convenient parking of vehicles upon crowded days. Over 60 automo¬ 
biles and sight-seeing cars are sometimes assembled here at once, and 
there is great difficulty in managing them. request for an appro¬ 
priation of $4,000 for grading banks and filling raii'incs which was 
asked of Congre^ last year will be renewed. 
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office of the park very much neeiig to have a 
ajjull uiituniybile for ua? in attending to tbe public bimtiejs. The 
dj£tuin.-es within the park itself arc so coHsitlemUle that it is a grent 
wo^ of tinw mid energy to tru verse them on foot, or hv horse 
vdiicle, and the use of an antomobilc would greatly inen^ pffi- 
cieney m the business of the park. The purchnse does not involve any 
incTOs® of the appropriation for the park, hut merely the insertion 
of a clause m (he appropiiation act authorizing tlua purchase of a 
tnotor^propclkil vehicle. 

ff^-'Vho ordinary thorough fares in the park were, at the close 
of the hscal year, in fair condition. Xothing has beet, done, bow- 
ever, toward repniring of the injury done by the construction bv 
the ilifltriet of tlie mam trimk sewer known as the Jlock Creek Main 

thU irr™' appropriation to repair 

aw defawment of the natunU lieauty of the park, but as yet without 
nvfliJ. rht! rcmnrkg thm made were as followg; 

la a deep oi»a cm, aiul pari <,f it la a tunS. A 
excavaii^ hr Wasting and this has !h^ pii«j 
d^yloc til- oatnml bBaaiy rt th* yarlt by le™ piia of T 

to EtiG COndSltuQ Id which fOEItkl at.-. ^ wcjinjf ns fh3££lt|]g 

^ „™ujs; »r«.” rr;cr:r.: .f ” 

htguv heaps wtUi earth and lo plant omt. tliea t™« ’ZrT* 1 
aioiUfy the unsIithUy uppeanacc. A aamiw rqad can b« . ., 1 ™^ which wiu 

the apeti cm Mjwer which wm be a coavcaience 10 u» nahii^^^ 

ffoa, the anuthert, cniL ^ catering the park 

The gcna™l appropriation for the park has remained at $100 000 
per annum for six years past. This has had to suffice for the r^ni« 
and construction of building«, the care of grounds, and the moini^ 
nance of roails and walks. In the (neantime the mrt nf ^ 

terials of all kinds, and labor has steadily in^a^s^ 

Wn no opportunity to make even the m^st necessary improvenre^t& 
The appropriations should be markedly increased n 

zoolo^eal park is 

Resjiectfully submitted. 

FaAjfn Bakes, 

Dr, CHAiiua B, TTai^ott, ^^P^rint^ndent, 

Secret^iy of the SmiUnoiuan ImtUutioji^ 

ll'arAinjfoji, £>. C' 


Appendix 5, 

REPORT ON THE ASTROPUYSICAL OBRERTATORY. 

Sik: 1 bava the Iionor to present the fellowiag report on the opera^ 
tiona of the Smithsonian jVstrophysicnl Obscn'atory for the year 
eniling Juno 30,1016. 

EQCIPMEST. 

Tlie equipToent of the observatory is as follows: 

(a) At Washington, there is an in closure of about 10,000 square 
feet, containing five limaJl finme buUJjngs used for observing and 
computing purposes, three movnblo frame shelters covering several 
oiit-of-door pieces of apparattis, and also one small bride building 
containing a storage batteiy and electrical distribution apparatus. 

(i) At ifount Wilson, Cal., upon a leased plat of ground 100 feet 
square, in horizontal projection, are located a one-stoty cement ob¬ 
serving structure, designed especially for solar-constant mcasure- 
ments, and also a Uttle frame cottage, 21 feet by 25 feet, for obsen’er’s 
quarters. Upon the observing shelter at Mount Wilson there is a 
tower 40 feet high above tbe.lS-foot piers which had been prepared 
in the original construction of the biulding. This tower is equipped 
with a tower telescope for use when obser^Tiig (with the spectrobo- 
lometer) the distribution of radiation over the sun^ dish. 

Daring the year apparatus for research has been purchased or con¬ 
structed at the obaervatoty shop. The value of these additiocii to 
tliG instrumental equipment is estimated at $1,500. 

WOHK OF THE YEAH, 

1. AT WASiriNOTON, 

Some years ago the Institution lent the Harvard College Observa¬ 
tory a silver-disk pyrheiiometer for uas at Areijuipa, Penn By re¬ 
quest of Prof, Pickering the observations which hod accumuinted 
since August. 1012, were reduced at the Astrophyrical Observatory 
and pnbtished by the Smithsonian Institution during the past year.^ 
Owing to the high altitude of Arequipa the variations of solar radia¬ 
tion observed at a fixed zenith distance of the sun (as, for instance. 


* Amaipa FrrbelloiturtiT, Bc Ut hwBJ a B MIk. Call, Td. es, ^'o. e, jsia 

90 



100 


AXXCAl, REPORT SMltirSOS lAJf ISSTITtrxtONi lOlfl. 


that whose seennt is l«?} were found to be almost whollj governed 
by three thmgs—the atmojsijhcric htntiitUtv, the diston™ of the sun, 
and the ^’ariations of the sun’s emission, tlence from tncnsTjrenients 
of the humidity hy the psyehroineter it was possible to compute from 
the observed radiation Uie probable intensity of the solnr radiation 
outside the atmosphere lor each day. These empirirnl solar-constant 
values from Arequipa observations conhm the variations of tbe sun 
observed at Mount Wilson by tbe complete spectrobolomctric process* 
Indeed, it appears tliat if eight or ten well-separate<l stations at high 
altitudes should be equipped with the pyrheliometcr and psyt-hrome* 
ter their combined results might well be expected to determine clo^sely 
enough tiie sun’s vanstious. A most interesting feature of Aretjuipu 
observations is that there is nothing anomalous about the observations 
of 1012 to suggest that the volcanic eruption of Jlount TCutmai (of 
June 6, 1012), which produced a great deal of dust all over the 
northern heniispheTC, produced any turbidity of tbe atmosphere 
whatever south of the Eiquator. 

fiesulLs of Mount Wilson solar-constant observations have been 
furnished in advanOD of publication to Dr. Bauer of the Cnmegie 
Institution for comparison with magnetic data. He finds a close 
correlation belween certain fluctuations of the earth’s magnetic field 
and tbe variations of solar radiation. 

The tower-telescope observations of the distribution of radiation 
along the diameter of the sun’s disk, made at Mount Wilson in 1013 
and 1014, having been fully reduced, a preliminary pubUcation of 
them lias been made by the Smithsonian Institution.^ Tlicse results 
show distinctly that the average distribution of solar radiation over 
the solar disk varies from year to year. Greater contrast of bright¬ 
ness between the cotiter and limb of the sun prevailed in lOOT and 
1014 than in 1013. The change is greater for short wave kngtlis 
than for lon^r ones. Changes also occur from dav to day. Both 
of these kindi of changes are found correlated with diang^ of the 
solnr toustnut of radiation, but in opposite senses. High values of 
the solar radiation attend periods of greater solar activity and are 
associated with increased contrast of brightness between the confer 
and edge of the solar disk For short-period fluctuations of solar 
radiation, however, low values of solar radiation are associated with 
increased contrast. It seems reasonable to suppose that the first bind 
of phenom«ia is causal by increased convection in the sun. bringing 
fr^h radiating surfaces fori^rd more rapidly, thus increasing the 
effective sobr temperatore. The second bind of phenomena may be 
caused by temporary increB.sea of the turbidity of the outer tolar 
envelopes, restrictmg the solar emission especially at the limb. 

*■ {Id tilt' of radij.t!|i7n dtvp t >Ti m^ ^ 

ValtabUto. SmltliwalM XlM. Cotu V^iL M, N* 6, Uta]?, ISift/* “laf 
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Mount Wilson obstirvations of 1615, including boUj the solnr-oon' 
slant work and the tower work, hatie 1«eit almost all reduced. 

Mr. bowle has continued at inteni''als between other work the re* 
auction of his numerous ohservattoua of the transmission of rays of 
great wave length tJirough long columns of air of known humidity. 
Many sources of error have reiiiiired to be considered and eliminated, 
and the reading and reduction of the curves of observation was cx* 
trenjely tedious. Tiic results are at length reaching such a ilage that 
it can be seen that they fall into excellent agreement and will be of 
high interest in rannection with studies of the earth's tempemturo 
as dependent on its radiation outward toward space. In fact, the 
r^uUs of Mr. Fowle's work ai-e expected to be ready for piihlication 
within a short time. 

For some years wc have endeavored to design and construct an in* 
stnimcnt capable of ineasuimg accurately the intensity of sky light 
by day and of radiation outward toward the whole skj' by night. 
At lost success seems to be reacbed in on instrumeut de^'ised by 
Messrs. Abbot and Aldrich and constructed by Jlr. Kramer. Tlie 
mstrument is called the pj^anometer, from the Greek words vSfv 
tiro, irA, up, a measure; thus designating an instrument 

adapted to measure heat coming from or going to space above. 
Tbc pKanometcr is somewhat aftei' Ibe principle of the Angstrom 
Pyrheliometcr, in that the intensity of radiation is measured by 
electrical compensating currents, whose strength is adjusted with 
reference to tlie indications of a delicate thermocouple. A full ac¬ 
count of the instrument lias been published by the Smithsonian 
^stitution,* including tho tests which Lave been made to determine 
ite accuracy by enmparisons in solar mcasurEmenla with the pyrbeli* 
ometer. Complete accord between the two tnstrmnents is found ot all 
altitudes of the sun when due regard is paid to tho fact that the 
pynmometor presents a horizontal surface. The pyronometer seems 
to bo suitable for botanical investigations, for it is capable of measur¬ 
ing the t axation even in deep shade, as in forests and greenhouses, 
as well as in full sun. In short, it con measure radiation in all situa¬ 
tions whore plants arc accustomed to grow, except under water. 

Hie consideration of the prranometer has led us to undoiloke 
uie determination of the constant ordinarily called “sigma” of 
Stefan's formula of radiation, according to which the emission of 
a perfect radiator per square centimeter per second is equal to the 
fourth power of the absolute temperature multiplied by “ sigma,” 
In recent years a good deal of disagreement has arisen us to tlie 
value of “ sigma.” Wo require to use it for certain tests of the py- 

Initrament fof OMMiriog ifcj imdlatJan : M|«, ColU 
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ranonicter uid Uuve devised n new nietliod which seems verv free 
from error for making its determinadmi. The apparatus has been 
constructed and is now set up practkally ready for use. 

=. AT JionxT WILSON. 

ftfessrs. Abbot and Aldrich continued observations at Blount Wil¬ 
son of the solar constant of rodiution from July 1 to October 22, 
1015, and renewed the espediticn oarly in June, lOlC. Besides con¬ 
ducting solar-copstont observations and determinations of the dis¬ 
tribution of light over the sun's dLsk in seven different wave lengtljs 
on each fsvomblo day, comparisons of the pyrheliotneters used or¬ 
dinarily on Mount WiJson were made in both 1015 and lOlC with 
standard water-flow pyrheliotneter No. 3, The comparisons showed 
no change to have occurred in the sensitiveness of secondary pyrheli- 
ometers Kffi. IV and VTT, on whose readings rest the solar-constant 
determinations made at Blount Wilson since lOOS. 

A good deal of attention was also given to the inatallnlJon ami 
trial of a solar cooking apparatus conipridng ovens heated by oil 
under gravity circulation maintained by heat collected by a concave 
<5*lindric mirror of about 100 aquaro feet surface. Tlie apparatus 
seems highly promising, but owing to a couple of defects was not 
in satis factory operation until after the close of the period covered 
by this report. 


3i mOPOifEJJ SOI*AE-COJv3TaXT XXPEDmOJT, 

On recoraniendatioii of the writer an ftUotment was made fitim 
the lltalgkins fund of the SmSthsoman Institution for the purngsa 
of doplimting the soUr-constant work of Mount Wilson at the most 
favorable station on the earth. The espctlition is being prepared 
and w ill go fonvard, probably to South .Imericn, in the summer of 
1917. It IS intended to continue solar-constant determinations by the 
apectro-lwlometric method on every favorable dev in every month 
of the year for several years at both Mount Wilson and the station 
in South America, with a view to determining the dependence of 
tbo earth's climatic conditions on the sun’s variationa of radiation 




Obrervations of several kinds have been made, reduced, and nub- 
lisbcd w'hicb support one another in confirming the variflbilltv n.4 
th^n, and some of which tend to indioale du!l cao^Tf f ^^ 
edition is proposed to occupy the most favorable station in Soatb 
Aroeric. for »vci»l beginning in loir, for a,, 

imibng. m conn«.on with the Monnt Wilson ohsorr.fiins, “..11 
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ftud a^nirato determinntioa of the solar variation for comparisoti 
with dimfltic dianges. ilBasurements of the transmission of long¬ 
wave rays through long columns of moist air are almost ready for 
publication and appear to be resulting very satisfactorily, A new 
instrument, call^ the pyranometer, for measuring sitylight and 
nocturnal radiation has been tested and found accurate. 

Eespectfully submittad^ 

C* AiILDC3T| 

AstrophysictU Oiservat&tv^ 

Dr. C- D. Walcxht, 

S€cr€tary of the SmitAitonian iTigiiiutioiu 
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REPORT ON THE LIBRARY. 

Sib: T hAve the honor to submit the followuig report on the opera^ 
tions of the library of the Smithsonian Institution during the fiscal 
year ending June 30^ 191S: 

The number of packages of books received during the year was 
31,017. as compared with 29,938 pnckoges In the year preceding. 
Of these 29,619 were received by mail and 1,400 through the Inter¬ 
national Exchange Sor^'ico. Correspondence in connection with the&o 
induded 1,241 letters and 3,99T acknowledgments on Hie regular 
printed form. The total accessions of books, pamphlets, and parts 
of sets aggregated ll,TS5. 

SSilTHSOXlAJi MAES’ LIERART. 

Publications for the main Smithsonian library are forwarded each 
day, after entering, to the Smithsonian depcait in the Library of Con¬ 
gress. Tliosc catalogued and accessioned during the fiscal rear num¬ 
bered in all 18,637, which may be further described as 3,101 volumes, 
739 iMirts of volumes, 393 pomphletfl, 13,15,'s periodicals, 311 charts 
and 1,(^3 parts of serials to complete sets; extending the n limbers 
in the occessiDn book from 521,617 to 525,3o5. 

Tlic cntalo^ilng included 5,040 volumes, SOO charts, and the addiug 
of 73S new titles and the making of 5,329 t3*pcwTitten cards; 3.4Sn 
printed cards from the Library of Congreaa for publications de¬ 
posited by tbe Institution were filed in the catalogue. In addition 
3,590 volumes were recatalogued on standard size cards, from the old 
catalogne for inclusion in tlie new catalogue. 

Documents relating to public matters and statistics of foreign 
countries, presented to the Smithsonian Institution largely in return 
for its own publications, were forwarded to the Library of Congress 
withcrtit stamping or recording, continiiiDg a policy of some veals 
standing. The publications sent in this way numbered 4,642. ' 

Dbisertations were received from Utrecht, Toulouse, Lund, Upsala 
Ijiiden, lA>ips:ig, Giessen, Paris, Bern, Pennsylvania, and Johns Hop¬ 
kins, and from the Technical ITochechnlcs of Berlin and Stutten^ 
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Mr. Herbert iL Gillj admiiiL^Fator of the estate of Dr- Theodore 
Nicholas GiUj hos presented liis bmther'ij scientific library to tbe 
Smithsonian Institution with tlie understanding that it is to be 
credited to the estate and that snch publications as relate to the work 
of the Museum diall be placed in that library. 

The securing of exehangea in retnm for Smithsonian publioationa 
and missing parts to complete the sets have been continued^ notwitli- 
standing war conditions abroad* and the results have added new titles 
and completed sets and sjerlos. In response to the requests for missing 
parts in tlie Smithsonian deproit in the Library of Congress 50 sets 
were completed and IfiBS parts supplied* These numbers include 
the completing of 30 sets in the scries of publications of learned in* 
sti tut ions and scientific societiesj and the supplying of 824 parts and 
Clio completing of 20 volumes of periodkak, and the supplying of 213 
separate numbersL 

sMirnsoxiAN orFiCE library* 

Thu office library includes a colloctifm of books relating to art* the 
employees library* and vanops work? of reference* beside qiifte an 
extensive aeronautical library* 

In the reference room the transactions of scientific societies* and in 
the reading room the current foreign and domestic periodicals* have 
been in eonstanfc use. In the latter there are now 15^0 titles on the 
slicives. 

In addition to the use of the library by tho scientific stuff of the 
Institution, almost all of the bureau^ of the Governinent have availed 
themselves of tlie privileges of consulting and nflirig the publications 
in the libraries. 

From the reference and rending rooms in the Institution 
publications were circulated during the year* Of tliese 473 were 
bound volumes and 3iS5T were single periodicals. 

Additions liave been made to the aeronautical collection by wnv 
of exchange and by purchase of a few of the important worls recently 
published. An act[uisition of special value was a number of refer¬ 
ence works formerly in the library of Maj\ Baden-PoweD. 

A scrap book of articles from the older magazines is of Interest* 
as describing early inventions in the arts, brought together and 
arranged in chronological order. 

Dr. jVlexander Graham Beil bos continued to add to hia collection 
of works relating to acrciBautics by contributing 33 books and 37 
portfolios and periodicals, This working library* which Dr. Bell 
need constantly while carrying on his experiments in aeronautics, 
will be of great value to students in the future. In addition to Dr* 
BeU’s gift a total of SB volumes were added during the year* 


10 G Ai’striL HEpoBr SKirusoNiAU ijrs’nTi."no>r, iDis. 


NATIONAL afUijElTM t,mu ART, 


The librsirv of the XiitiDonl Mtiseum hns lieen handicapped, us has 
almost every library in the eoutitry, by tlie nonreceipt of mntiv 
Kuropeun publications on necount of tlie rvar. 

JiWMa/o/ia.—There are note in the llnsetiTu library 4T,T13 volumes, 
79,2-11 pain|}tileL!i ntid ilulwond ptijicrs, and 194 munuscripta, During 
the year just closed the nccessioiis numlwriHl 1,805 volumes, 9,873 
putiiphlets, nnd 79 parts of vuliimca 

('ataU^vhig.—'St;^ material was entered as received and sent out 
to the shelves or to the sectional libraries, so that it would be avuil- 
(ible at onoo to those interested, Tlie recutaloguLng from the larger 
curds to the standard size, and tbe identification of the nublications 
has been continued. 

Tin- new publicatiomf catalogued numbered 914 liooks, 3.t5T pam¬ 
phlets, and the total numlier of enrda made was 4,G69, The periodi¬ 
cal nnd parts of ptdilications catalogued numbered 9,074, and peri¬ 
odical cards were made for 25 new pubiications; 2,095 section cards 
were made for periodicals assigned to sectional libraries, and 4G0 
new periodical cards were written for the Museum library record. 

Tliere were recatulogued 135 Iwoks, 275 pamphlets, necessitating 
the making of 415 

A'wrAaapcs.—Xotwithstaiiding the conditions abroad, the efforts to 
secure toiling parts and new ejcdiaxiges have been continued. In 
coimection with tliis wurk S57 letters were written, with the rsgntt 
tlmt many parts that were lacking were supplied and manv new 
titles wero soured. 

/.ooTw.—During the year the loans from tlie genera.! librarv nnm- 
beretl 12,035 pubbcations, which includes boots assigned to the sec¬ 
tional libraries, 4,9785 3^8 books borrowed from the Librarr of 
Congress, which meluded those from the Smitlisonian collection* 
207 from tlie Department of Agriculture library; 100 from the 
T mted States Geologicid Survey; 50 from the Army Medical 
Museum library; and II from other places. From the Museum 
slielv'cs there were borrowed 3,511 volumes, and 1,890 section cards 
were made. 


Z.mJ#ft^.^Tlie binding of the publications that have come to the 
iluscum m parts, or paper covei^ in order that they nmy be nron. 
crly eared fomml saved from destruction, is still a serious matter 
as many temam unbound. It was possible this year to bind more 
than last year, which has relieved the situation; but it wilt take 
^veral para, at tlm present rate, to catch up with the needs of the 
library m this direction. 
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were 7^^ roliiDM^s prepared and ^nt to the Government 
binder. Of Lids ntimber C2o vrere returned to the Jlngcuin before 
tlie close of the year, 

Gift ».—TIis follonring persona have contributed to the coUection 
in the huilding: Dn William Healey Dali, Dr* Edgar A. 

Dr. Cliarles Doolittle Walcottj Dr* Oliver Perry Hay, Dr. F. Alex- 
ftu der McDertuottt Dr* F* P» Dewey, Dr. Walter Hough, Mr, Will [am 
It. Maxon, Dr, A. C. Peale estate^ and the estate of Dr* ITieodore 
Nicholas Gill. 

D/^U C0Uecti&yu~l}r, William Healey Dalt has eontinned to con¬ 
tribute to his collection of books relating to rnonusks which he pre¬ 
sented some years ago for the sectional library- of the division uf 
mollusks. Since July 1,1915, he has added 20T titles, 

GIU co^^;ct!i!m. —-x\Il the books and painphlcts from the estate of 
Dr, Tlicotlore Xicholas Gill are being cla^iJfied and arranged so 
that they can be properly distributed. From the hasty examination 
made in looking over the collection as it was being tTimsferred it 
appears tlmt the Museum library will have a valuable additiori to 
its series of works relating to natural history, especially in kh- 
thyology* 

Technological series. —In this branch of the library there have 
been catalogued 1,052 volumes and 9*125 pamphletSt making a total 
of 3,17L The cards typewritten and fil^ in connection with this 
work numbered 3^05, the periodicals entered 3*631. 

The books and pamphlets withdra^ni for cooimUatioi] in connection 
with the work of the IkfuBeum from this part of the library mini- 
bored 537» This is in addition to those borrowed from the central 
library. 

The filing of cards in the scientific depository set of printe<l cards 
from the Library of Congress has been oontmued. Two thansnnd 
^d thirty-three author cards and 4,031 subjects cards were placed 
in the tilphabetical seriesi 

Sectlcnal libraries .—Tho checking of publications assigned to the 
sectional libraries has been continued m the other work would allow, 
and while some progi-ess ha^ lieen made the work is not near com¬ 
pletion. 

Tlie following is a complete ibt of the sectional libraries; 


AilmlalBtraUoEU 

AilniLttl«traUvc* it-^lstAuVs oitloe* 
AELthro|iolu^^ 

Btolojsy. 

BlnlEL 

Bataryr. 

CemntiriiLlvF nnatmtaj. 


wfQce, 
EUidoIo^^ 
Flshea. 
treolcKr* 
Grorbtc urta. 
riiwtarr. 
Itmcts, 
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MitFiDo 

-MAtiTla 

HooliaDjcfkl ti>£'liiioTfs(!j+ 

fwlU, 

MoUuaIihl 

Ort^tcil ArcJi^logjr. 


Ponitit*^ 

VhiitogfaiiAiy^ 

Ph^lcsil hnthTQjxilof^. 
Pf^lfitoHc rtfcbeolo^j, 
Propcifty citf k, 

Rot^tile?i nnri 

uOlcc, 

Tasldprtnj"^ 

Textiles, 

Yerti?brnte paleoDtabi>^, 


UHIUnt OF HTTREAU OF AMERICAL NOLOOT, 


The collection of works relating to ethnology is ndrainhstercd by 
the ethnologist-iD-chargc. and an account of its operations will be 
found in the report of that bureau. 


.VaTROPHVStCAT. OBSERVATORT LIBRARY. 

The collection of reference works reJoting to nstrophymes is In con¬ 
stant use, and during the year there were added 61 volumea, 20 parts 
of volumes, and 18 pnmpliiets. 


NATIONAL ZOOIAWlOAL PARf: LIBRARY. 

This librai 7 contains publications relating to the work of the park 
and the care of the animals, reports of other soological parks, and 
works on landscape gardenmg. The number of publications added 
was 21 Toluoies atid 5 pamphlets. 

iSTrMSrART OF ACCESSIONS. 

TIio accessions during the year, with the csteption of the library of 
the Bureau of American Ethnology, may be snmmariaefl as follows ; 

Ta the Smlthanaian diiKKlt tn the Ltbrary of CAUSTMa. Ineliidlne parta 
to complete ■«** _____ 

Ti> tiro SmIlluipiilEUi omco, Astrophraical Obacmtcir^v aad NuUonnl Zoo- 

loi;tcal Pn rfc ________ ^ 

To the UbRwI Statea Natloanl Miiep nin _‘ "* 


Itespcctfully submitted. 

Paul Bbocbett, 
A.$sistajit i-ihniruin. 

Dr. Cbables I>. Walcott, 

Secretary af the Smithaonian /natifutiotw 


R,4T2 

1,443 

4,840 










Appendix 7. 


EEPORT ON THE INTERNATIONAL CATALOGUE OF 
SCIENTIFIC LITER.VTDBE, 

Sir : I hare tlic honor to submit the followreport on the opom- 
^tions of the United States Bureau of the Intemutiona! of 

Scientific Literature for the fiscal jear ending June 30, ItHG: 

Each jenr IT volumes of the catiilDgue ore published by the Central 
Bureau m London, one volume for each of the following named 
sciences: Mathematics, mechanic phyaics, chemistry^ astronomy, 
meteorology, minemlogyi geology, ^ographyj palaectitology, gen¬ 
eral biology, botany, ssoology, anatomy, anthropologyj physiology, 
and bacteriology* 

The publication waa htgnn in and since then all of the fir;^ 
11 annual issues have been published,, tc^ether with 14 volumea of 
the twelfth issue, 10 volumes of the thirteenth iseue, and 1 volume 
of the fourteenth, n total of SIS regular volumes, in addition to 
several gpccinl volumes of sehedtiles, Itfita of jourujilfl, 

The 14 volumes of the twelfth issue published are mathematics, 
mechanics, physics, chemistry, agronomy, meteorology, mineralogy, 
geography, palBOontolo^, general biology, botany, zoology, anatomy, 
and anthropology* 

The 10 volumes of the thirteenth i^e published are niathenintii^ 
mechanics, physics, astronomy, meteorology, mineralogy, geography, 
palaeontology, general biology, and zoology. 

Tlic one volume of the fourteenth issue published is zoolog 3 *. 

During the year there were 24,160 classified reforenoes to American 
scientific literature prepared by this bureau as follows: 


Ulerature of— 

1&03_ 6 

. 3 

I&IO_-___ 75 

1012 ___- . , - . , ___ 835 

1013_ 3.S14S 

IDl-S____81TW 

1015 -- iai75 


Totals™----- 24,100 


It was, of course, inevitable that an international cooperative enter¬ 
prise such as the Intematjoual Catalogue should be afTecied by tho 

lag 
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wtir in Enrnpe, btlt it b a matter of congratulation tlmt the prepnra* 
tion and pubUcatlon has been continued witli comparatively little 
change. As \ras pointed out in the last report the linancea of the 
catalogue had been seriously alTected on account of tiie inability to 
collect the subscriptions from Germany, Austria, llungoty, Belgium, 
and Poland, 

Before the beginning of the war tlie receipts and expenditures of 
tiiD London Central Bureau approximately bal^ced and therefore 
as tlic delinquent remittauces from the five subscribing covmtries 
above mentioned amounted to almost $6,000 a year it wus necessary 
to obtain this sum in order to continue the publication. 

Tlio Itoyal Societj'^ of London very generously oUercd to make 
good this loss of moome and made a grant of £1,100 to enable the 
thirteenth annaal issue to be piihlished. The Boyal Society has sub¬ 
sequently granted additional sums aggregating £3,T&0 to enable the 
Ccntrul Bureau to continue the publication of tbc catalogue mthout 
iiitcrruptiom 

A request having been made for assistance from tbe United States 
tlie Secretary of the Smithsonian Insititution became so interested in 
the subject that ho was enabled to obtain a grant of $C,000 from the 
Carnegie Corporation of New York for the purpose of aiding 
American students by making it possible for Uie Central Bureau to 
publish the foorteenth annual issue of tbe catalogue. * 

The value and service to science of the work done by the catalogue 
is 50 universally- recognised that any lapse in its regidar publication 
would bo a serious calamity. 

The great need for a Catalogue of Scientific Literature was felt ns 
fur back as 1835 wlien Prof. Joseph Henry brought the subject to 
the attention of tlie British Associatioii for the Advancement of 
Science. The idea resulted in the Royal Society's Catalogue of 
SciontiGc Papers which will, when completed, be a catalogue of 
periodical ficientific literutiino from 1800 to 1000. 

Though this catalogue is simply a list of titles by authors’ names, 
including only periodical literature, it soon became evident that its 
production waa too great a task for one society or even one nation 
to continue; therefore in 1683 a council of the Royal Society was 
held and a committee was appointed to consider the question. It 
was agreed that internatlonnl cooperation shoiUd be obtained for the 
production of a complete subject and author catalogue of science 
beginning witli 1901. 

The value of such a catalogue ns then proposed may be estimated 
when it is considered that some of the most eminent scientific men 
of the day were members of the committee. Among the membem 
were Lrf>rd Kelvin. Lord Rayleigli, Sir Michael Foster, Sir Joseph 
Lister, and Dr. Ludwig Mond. At the first meeting Prof. Armstrong 
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was elected chairman and he has ever since been prominently identi¬ 
fied with the atfnirs of the cntalogoo. 

To obtain intematianal cooperation the eommitteo caused over 
':?0O Iclters to be sent to institutions and societies throughout the 
world and in 1695 a special meeting was called to confer with Prof, 
Alexaiulor Agassi^j who advised that an international confereno; be 
called in 1390. 

In the report of the committee it was stated “that in no swingle 
case was any doubt expressed ns to the extreme value of tho work 
contemplated,’^ and “that the matter had been taken up in a mocrt 
cordial manner by the Smithsonian Institution^ the secrctnry of 
which^ in his reply, refers to the desirability of a eataloguo of the 
kind suggested as l)emg so obvious that the wrork eoiricncnds itself 
flt once-’’^ 

nirce international Cfonterences were held in London (ISS^Sj 
and 1009) j and as a result the puhUcatiou of the catalogue was under¬ 
taken. 

It may he noted tlint among tho prominent delegates uttemliug 
tliese conferences (not including ihoso before meutioneJ ns meint^eis 
of the Committee of the Royal Society) were Sir Norman Tx^kyer, 
Prof. tl. Poinearfi, FroL Simon Newcomb, Dr. John S, killings, 
Higlit Hon. Sir. John E. Gorstt and Prof. Vank lIofT. On the ad¬ 
vice of tlu^ and other prominent men the catologue ^vas begun* 

Tlie value of the catnlogiio is shoivn by the following reBolulicm 
adopted 10 ycar^ after the puhllcatioi:i w^as begun by the represen¬ 
tatives of the countries poiiicipating in tJie w^ork: 

That in cf ttn? Bucemt nTmiclsr uchtrveil by tlie IntiTantlonnl Catal[Vt<ue 
nt Sdoatme IJtcratiire anc! tlie ^mIKl^^anM of jli$ objerta pruiauuxi by 

It, It Iniperatlve lo coDtlaue tin? jaahllrntton of tlie ciitiilo^^ua nL lofifU itur- 
lot; the period 1 Dll-15 and on recoTnOiciidatLoEL of the [iiteraat tonal Ooundl 
ilarlnn tbn aub^wquimt five yrars lOlO-S). (The lillemEfctloiml Coanirn of tJie 
Lutaloi^o ttiLft voteil lo oxu^ni] tJte wort tlnrlug tlia period 1910-30, j 

Tins convention was presided over by Sir Archibald Geikiei then 
president of the Royal Society, and had aiuoug its members repre¬ 
sentatives from all of tlie principal countries of the world* 

Thffio men were thoroughly familiar with the service of the cata¬ 
logue to the soientiiic men in their respective countries and voted 
unorLlmousIy to continue the work ou account of the value and 
success achieved hy it* 

Respectfully submitted. 

Leonard C. Gtjnnem*, 

AfsistaiU in Cherffe, 

Dr, Cn ARLES D, Walcovt, 

Saet^tary af the Smitha^iitn Institutkm. 


Appendix 8, 

KEPOHT OX THE PUBLICATIONS. 

Sib; I h»vo the honor to submit tlie following rfiport on tho pub- 
lications of the Smithsonjiu) Institution and its branches during 
the yetir ending June 30,1916: 

Tlie Institution proper published dor tug the year 22 papers 5ti 
the series of Miscellaneous Collections, 2 unnuarreporta, pamphlet 
<;op!cs of 54 papers from the general appendices of these reports, and 
8 special publications. The Bureau of Atocrican Ethnology pub- 
lislied 2 annual reports, separates of 4 occompanying papers in these 
reports, and 2 buUetius. The United States National Museum issued 
1 annual report, 2 rolumeo of the proceedings, and 52 separate papers 
forming parts of tliese and other rolumes, and 4 bulletins. 

The total number of copies of publications distributed by tbo 
Institution and its branches was 158,262, which includes 249 volumis 
and separate memoirs of Smitlisonian Contributions to Knowledge, 
33,,397 Yolumes and separate pamptiletfi of Smitlvsonian Miscel¬ 
laneous Collections, 95,718 volumes and separate pamphlets of Smlth- 
GOnian .iVnnual Beports, TS)798 volumes and separate of Xittional 
hliiseum publications, 12,420 publications of the Bureau of American 
Ethnology, 7,690 special publications, 4T volumes of the iVimals of 
Astrophyncal Observatory, 83 reports of the HaiTiniaii Alaska Eipe- 
ditiou, and 6-lT reports of tlie Ainericun Historical Association. 

SMITHSONIAN COXTHIBUnONS TO KNOWLEDGE, 

gUAVTO. 

The title-page, table of contents, and cover for volume ST were 
issued, and there was in press at the close of the year a memoir bv 
1>. J. S. Foote, of Creighton Medical College, on “Tlie comparativo 
histology of the femur ” the result of extended original research, 

SMITHSONIAN JIISCELLANEGUS COLLECTIOKS. 

OCTAVO. 

Of the Miscellaneous Collections, volume 62, 2 papers were pub¬ 
lished; of volume 63,1 paper; of volume 04, 3 papers; of volmne 65, 
8 papers and title-page and table of contents: of volume 66. ft oane™- 
in alb 33 papers, as follows; ™ ’ 
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FoJttmc €2. 

!tfix 4. nepartfl on irLod tunnot rapc^iiiooiil^ In aertidjnamica. i. C. Huoiiokori 
E. Buciklngluiin, H. 11 Iki^lU D* W, Doa^lua. C. U BralKt. Httd B, B* 
Wll9Dn. Fund- Janimi^ llh ^ plo. (Fobl, 

zm.) 

Jiio, iljrnuj4ilcJt1 ^tubjlUr vf n^^roplMies;. By Jcmme Hnn^k^r^ ai^i^ed by 
T* K, HiUT, D, W* DoagtEts, Hh K. Uhaw, and Y, K UiuvlL HwliJlilEui 
FiUJil, JuiLc aO, ma TSpp , 3pla. CFEibl2414.) 

FolHjriff W. 

No, 0. Sitiltiwiifiau Phy^t^ceil Tablra. ItfiiirlDt of aJxth rerlfled ^Itloo. By F. H 
Fowl*. Fohrunry la. 19m mvl+Su® pp^ {FoliL 22iS9.) 

Folttmir 

No.Sr CimihrtniiCkfOlco^aiidFalwiitoloKyv Til, No. 9;, Coiribrliui tidSoliltes^ By 
CluM-les D, WnJoott, JKanary 14^ 101G. Pp. liFT-^SSS^ plSL 2-1-38^ 
llblliL 2370.) 

N&.4, CatulirEan l^Mlugy ami pflluontolosy. III* No. 4. Relations between the 
Cflnibrlan and pE^Q>4:!laiahr|nn fornmtloDS Ln tlie rJcLcJly of Htflerm, 
i^focLinnai, By CnkiiTliw D. WalcwtL June 24* IGld. Pp. 250^^1, jjIh. 
30-44. tmiL 2410.) 

No. a, Cnnibrinn luid lUNo^iSi, Conibrlnii By 

Cbnrles W^ll^?ott In pro&i. 

1'ofvr?ie 

No. 3 l a utudy of tbo radEation of tbe ntmosphero. Ranchi upon otiservniloTis of 
the nuctumnl radlflitlon dnrinp? expedltloon to AlEa^Hn uni! to Call- 
ftirnliL By AadoM AngstrOtti, HoU^kliui FuntL Auguac 2^, IOISl 
IhTO pb tPubl. 23&4.) 

No. R. EsplorntJorLH und flohl work of the Smithsonian Inslttntlon la 1G14 July 
1* IQIA. |I3 pfu 3 Pt iPohL 

No, Cl. Areqnlpa pyrboUometry. By d it Abbot Hotlgklnfl FuiuL Sfarrh 1* 
lOm 24 pp. <PuhL 2307J 

No. 10. A phylogenetic study of the recent erlnoldlii, with Fpe<HnI reference to the 
cptcflliun pC ifpecEnlJnatJoo through the partlnl or complete suppreaslmi 
of structural elinrocters^ By Austin fi, Clork, Aujipi^ 19.1915* 07 pp, 
(PliTiL 2360*) 

No. 31. A magneton theory of the etnicture of the atom. By A. Im* Faraon. 
Noremher 29, l&lS. SO pp., 2 pla. tPohi. 23^.) 

No, 12, The Jaw of the Pllldowrl lirna. By Gofiit Sa, IIEIIeet, Jr. Novefalier 24 
lOirx 31 ptx^ % pl«. (l^bL 237 ISl1 

No. 13^ llefK^TlpElans of seveii new nubEFpeclefl iind one new species of Alrican 
blrda IPlabtuUi-ltfiier* Couif^r.^ and Roll)-. By Edgiir A. Afiutrns. 
Noyember Sa lOm 9 pp. (l^bL 2S78,) 

No. 14. Tlie sense orgcinson the month partu of the honey btse. By X. E. MdJidcHip 
inauary 12, IGtCL 5o pp. (PubL 23814 

TUIe-ptLge nnd table of Contento. Jime 17* 1210. Y pp. {FubL 2410,) 

FoJiftne 

No. B DefHsrlptloiifl of a new genus emd eight new BpecLcfl nml sabspeclefl of 
Afrlctm miHnmEiTs. By X- Han Ester. Febmary BX 1910 l fl pp. 
(riibl 2410.) 
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^ 0 . 2, A lint ctf tTie- birds obsc^^ped Id Alciska and Nc^Etbenstcm SsborlA durlD^ 
ih* nummfT of 1DJ4- By F. S 4 ?yiDOiir Hers^. Mmn^ t&l(*. 33 
iPubL 240^,) 

Nft 3. HxplDmliiiii ami field work ef tbc InatltittEon Id May 

27, JfilB. lll> pii, tPubL 2407, J 

4. Tli^ OrdaK and Dortn) ex 7 >cdltlcin 3 Id nearcb nf El Dciradap an described 
on filxte^ntli century mupa. By Rudolf Sdiuller* AfirH 2T, 1 S 16 ^ 
15 P(ti.p 2 lanpa, (PubL 2411,} 

^^q, A On thu dlutrlbuEJdii nf milintlLin ot^r thsp sun^n disk arwl new erldenc^ of 
tbD »Iur TurtnbllRj, By C, O. AliliOt. F. E. Fowlii, *LHd U B, AldrtctL 
BodRklDH Fnnd. Mity 23, ltd CL 24 fin„ I jiL {PiibL 2412. J 
Nd.B. riionetlc triin«erlptJou of Infilnn bingtui^ In presa, 

Kb. 7. Tbe PyrBnonwt^r —nti lUKiniwm for meanurliii; sky radlAtlon. Bj c. G* 
Abbnt and U B, AJilrliih, llodgklna PimC May S3, 131A B pp 
(Pubb 2417,) 

Kb, a Tbrc* new Afrieon shrews of Lbe CrotltHira, By N. llolUntur 

May 23, iBia 3 IFubL 24ia> 

SJIITHSOKIAN AKNOAL REPORT^, 

Report for IQi^. 

Tlie completed volume of tlio Annual Report of the Board of 
liegonts for IDH was received from the Public Printer in August 
iPli. ’ 

Annual llep£irt of the Boahl of ncfirats of the SralttiaoiUftij Imdltutton sliow lnE 
openilloDs. csiiendlmnsi, nmi wwlitloa of iln* tiwtltuUun for the ytar eutllac 
Juu* 3(V Jtll-U ai+(M Wh, 1S5 plB, (PtibL S32L> 

The general appcmiii contained the follorwtng papers, smaJI edi¬ 
tions of wliicli were printed in pampidet form: 

Tlie rndbitlbd of tbe sdd. By CL O, Abbots Ift pp„ 4 trtibl 2^22,} 

Alodcni thoorlca of tbu enfi. By Jran Bo^lur, 8 pi>.j 2 pbi, (Publ. 2323^1 
Th*; form aad couHtltuUnu of the earth. Bj* Louis a Stcivart. H dc (Ihif.L 

2324 ) 

Sum* rcmnrlw on Dpnopew to thutr tvna.'utviurr. Bv ii U'lVacDe 

Tppip2pls^ <fubL2t25.) ' ’ 

aioilc™ viifrnf nn t\vs eonstltuttno of iite atom. By A, a Eve. B pp, (pnhL 

Cyrostata luul ByrostaUe ucUom By Andrew Gray, ifl pp,, lo pja. rptibl 
2337.) 

Btnblllty nf Rertplnsea, By OrrtllD Wrleht S jip. (Pnbl. 2328.) 

The nwt ttum^iTyliut aerotilsDe en[«lire of sturtalnetl f™ rtighi—Laoeioy'i 
soeceas «« a pioneer la svIatJon. By A, F. ZahiA fl mi., 6 pie. (t*uhL 1^ \ 
eheiDlirtiy, By I.. H, Baeteinmi 25 pp. (Pobi. 

y:*Iilorivea. By Bilwnnl P, 27 pp., 7 pla. iPubL 2331.) 

ClJmntcs of gooloplc tfaic. By Charles ftrhuehert, 35 pp. (pnbl 2332 i 
rieochrolc taaJoco. By J, Jo|y. ip 3 pi^ (p„i,L 3333 . ’ ' 

Th^^loBT of the bottom of the seas. By L. de J^tuniy. 24 pp. iPubL 

HOTtml: ooeanotEmpMc nworrbw. By Ch. Onivlcr. w pp. (pgKf ->«r,v 

The Blond Iho am] Vuion goldfield In 1013L By H, jl CadeU « ..1 

(Publ. 2330.) i^Tioeu. ao |ip,. « pig. 
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Tilts tlvtcio' of thQ discovery of BcxoalLty Iti plontv. By Dont^ii S, 

24 piK tPubt. 2337.) 

Protilmifl uml in pliuai: palhotfigy. By L, EL Jdoca. 13 pi\ tPubU 

am) 

PlBOt EdtoeniplLa iirnl UiGlr m^latRgiiLS. By Jni^filB CJmnddf Base. 23 pp. 
CBulil. 2333.) 

Tlic Natloniil Zoalojile^ Park hue! lu IdhnMUmla. By Vraiik Bnker. 34 pp*, 
41 pts^ (Publ. 

On tlM? liabltfl and ttdukvior of Um hcrriaff By IL SL Stronj?. 31 pp.^ lO 

pla. (PahL 2341,5 

Notes DO i^nse of estreme drougbt \n Walufberjr, £4oiitfi AiHca, By 

EloRdoa N. Mnnalj. 12 pp. (PubL 2342.) 
iloluuHiLSi: rt*£^nerBifEiii of Uic nutomm* la a Pbo^Itl or walking-AElck. By 
II. O* Srldalt-Jmtsen. 14 pj^, 2 pK (PiibL 2B43.) 

Latent life* Bs tintiire onrl Ita reEatlaoEi U> cettuin IhTOrles of corinmijMSniiT 
biology* By Pan I Bo^siijerel. IS pp* ( Ptibl, 2344.) 

Till? early tohabltonta of western AsLl Ey FaUx ’P. Loscliaii. 25 pp„ l2 pie, 
2E45.5 

Excovatlubs fit AbydojL By EUouiinl Nnyllle. T pp., 3 pTs. (Publ 2346.1 
An exoJnlnaHon of OblDoso By John O. ForipiaoEL 6 pp,, 34 pla. 

(FobL 2347-) 

Tttc Nile of depopulaltoEL, defoi^^tloD, and malaria la thi! ilin^deDoe of cerfala 
nations By Follx Bcgtinulr. 5 pp (Ptihl. 2343.) 

Tbe jitory of tlio uhLo, By (A>tils RohliL»Dii- 11 pp, I2 pla. tPab!. 234S.) 
Roctibt dpeelopineats In iho art of Ulumltmtipb. By Preston S- Jhllllay* IS 
pp., 2 pis. (PnbL 2350.1 

Tlio JoQin and spIOEllo: Paet, prt^nt, anti futitre By Lotbor IlMpcr, 40 pp,. 
It pis, ( rubL 2351-) 

Tho demoTibtnitlon play scbuol pf 1913. By Cl^rk W. Hethertagton. 22 im. 
iPubl. 2352,) 

SJtctrb of iiie nf€? qf BcSnard Hnesa (1S31-1M4). By Pierre Termier. ip pn. 
lPubL2353.) 

^tpori WIS. 

The report of the executive epinmitCee and proeecdmgs of llie 
BonnJ of ^^egents of the Institution^ and the report of the Secretary, 
both forming port of the Annual Report of tho Board of Regontfi to 
Congress, were issued in pamphlet form m Booemlierj 1^15 : 

Tleport of tbe eswutlTe eommlttoo and proccodlnga of the Board of EU'^ta of 
the Bailtb^Qlan InstltuUon for the year endiing Jufie 30, 191Gu 2l pp 
(Pnbl. 233a} 

Report of the Solitary of the SmltNoolBi] Inatltatlon for the year erallng June 
30* 1015, no pp, (I^abL 2379.) 

Small editions of the following papery forming the general uppea- 
dix of the report for 1915, were issiued in May, and the complete 
volume was received from the printer in June: 

neviow of astronomy for the year 1013, by B. BuLwin. B pp, <Publ. 2333.) 

The ntllixiiLlLoti of solar cticnES-, by A. S. E. Ackermaatu 20 pp., 6 plflL {FubL 
23S4.} 

Tlie eonstltatloa of matrer nod the evolatlou of elenienta, by Eri>^c Ruiber- 
ford. 3G 5 pifl, tPubh 2mj 


IIG 


AXSXTAL ££:j«OBr SVITIISOKUS! TITSTlTUnOK, IfflS. 


Submiurtiic ^itEnallioi,', by B, F. Blnkc. 11 pp- tPulil SSSC.) 

Tbe euftliqitQke In the Uniulco, Central Italy, by Kraevto Slone)nL ■( nni, 1 nU 
(Publ. 23870 

AUnntls, Uj PlErro Tcrmlcr. 18 pp. (Pnb!. 238a) 

Et'ldeoeca at primitive life, by Chiit-le« D. IVnlcntL £i pp,, 18 pla. (Pnbl. 23390 

Tlie plflee gf amoDf; ooturAi sdeiicca, by Henry S. Gmvea; 13 rn. (Pabt 

23000 

Lij?num Kcpliritictmi, by W. E. Saffenl. 23 pp^ 7 pi* (Pnbl. 23010 

InipresaJoiu eJ ibe voim of troplciil birds* by Uitils AgassEx Fuertes, 35 m 
16 pis* 1 Pub). 2302.) 

Tlwi Esklisa Cufl#w aiul tta dlBappearuure* by Myttjii H. Swent, ic pp, l nL 
(Publ. 33830 

Coiwtructlon of Inoeet ueata, by T. SJiwsdt T pp.. 3 pisi (Ptibl. 2304.) 

OiiJen time knuu-Icdse of Bitdmcninpufl. by C. «. Enjitmiia. 8 pp*. i nli fthibL 
;205,) 

Heredity, by WtUlam UutraoiL 38 pp. (PnbL 2306.) 

Some (isiwcts of projtress In modem Knology, by Etlraitm] B. WPwjn 14 rm 
(Pubi. 2387.) 

Llniptbjtle arm* iu Eunipe; Tbelr bcHHwIarica gnd jiaUtlaii signUlrarvoc, by Lsmo 
D amlulut 35 pp., G maps. (Publ- 230a) 

Excavatiuna tit Teil ebAuuu-iui, Efij-pt. in 1833-14. by Ludwii: BorrlmnlL 13 
pp*, 13 pU. (I^lbl. 238B.) 

Vnodnefl. by L Boger. 8 pp* (PnbL iMOi.) 

PTogresa in redaiuniinn of arid Innila la theTVoatem Coitnl Stoitm br John R 
Beadle. 22 pp*. 13 pbt. (PubL 21(110 ^ « o. 

Some reecnt develapaicaits in tclepbiHty and tcleerapby, by Franls B* Jowett. 
£1 pp. (PubU 2403,) 

BIr Davit] Gill, by A. a EdtlluKton. 12 pp* IPuliL 211)3,} 

Walter Uotbruok Gnskell, by J, K Ijin^ley. 18 pp. (Pnbl. 2-l04,> 

Special puilicatiatit. 


The followering special puhlicntbiis were issued in octavo form: 
Pnbllnttloas of the Smithsonian Inatituilcm Issuh] iH-ht'een January i .r,i 
J uue IW. 1818. IlibllsItcdJtdy 26. 1815, 2 pp (Pnbt. 2372:) 

PubllcaGnas of the Smltbsoalim iFiBtltntlcm humetl between Jannnry 
September 30, lOia October 25, ISlS. 2 pp. (Publ. 237T0 
Pulil lent Ions of the SmltbsonlAa Institution issiial between January 
DectwlKir 81, lOia Janiiary 87, iPia 3 pp. (Publ. 24<KL} 

I^ibllcntletui of tito Smltluotilaa InatUutleti issued beiweeii Jonuary 
Man'll 31. 1810, April 2a IPia lit (I'ubl. 2413 ) 

Cla<iirifln| Hot of Smlthaoaitia publlcntiaDs available for illstriliutioii. OetaW 
15,1815. Xomaber 4, IDia It 4-32 pp. (Pabl. 2*75.) 

Oplalitmi renaered by the laternDtional Oiminisaleo oa Zwlodcai Nnmeneintiire 
Opinion or. April 27. Iftia Pp. 177-1^ (PubL 240QO 
Rttlefi and rejEUtotloiw for the mniluet of the work of the National Advloonr 
Cbtomlitee for Aeronautics, July Id IBIS, s pp, ^ 

Sttorces of nitrosca mmitouiHiit \a the Halted States. By CWor o Giitwrt 
Jmu, ajt IPJO, 12 pp. (Publ. 242L> '^naost o. Gilbert 


1 und 


1 notl 


1 and 


PUBLICATIONS OF THE UNITED STATES NATIONAL MUSECM. 

The puhticatioiis of the Nutiotinl Miteciim am; (a) The nnnual 
report to Congress; the Proceedings of the Cnited States Ka- 
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tioaa] and (c) the Biilletm of the United States Natiorial 

Museum^ wliicli ijieliides the Contributioris from tlio United States 
N’litioDuI Herbarium* The editorship of these publications is rested 
in Dr. Marcus lienjaiuiti. 

During the year the Museum published an antuiiil report, 2 
volumes of the Proceedings and 52 separate papers forming parts 
of these and other volumes, and 4 bidJedns. 

The lEsues of the Proceedings were as follows: Volume 48; voluine 
451^ papers 2092, 20W to 2130, and the complete volume; volume 50, 
[>a|)ers 2131 to 2138, Tlie Ammal Ecj^rt of tho United States 
National Museum for 1915 was also pubHshed. 

The bulletins wore as foUows: 

m 

BuLletia ESI). Tin? Blnla pf Narlli utMi[ Middle Atnerlca^ pirt 7, by Rohon 
BuUi^tLa 01- ItvjjyrL tm tlie Tiirtoa o^llcctldU of Snurh AfTIcua laaFtcLo finuUunlt^ 
witli uddttLoDJil noLe^ on oEbrr Soath Afrlom shills c^ataLood la tlip UnlUid 
Nadonid AloBeani, by l^aal Bartacb. 

BoJIi'lEji 02f BlbUograpblc Indv^ pf AiaeriruD Orduvlclaa iirid HlfurlnQ foesUa 
itvio vDluniCTf)* by Hay 

Bullotlu M, Haodboiik tind dQ5i.TLpllv.£? LutaiOf^ae uf tlie laet^'orlte collectloua 
Ld tbe Uriin*^ States A'aiUinnl. by Gtwge l\ MetrLll. 

PtJBUCATiaSS OF THK BUBliAtr OF AMKEtlCAN ETEINOLOGY. 

The publications of the bureau are diseussed in appendix 2 of the 
Secretary's report. The ctUtorial work of the bureau has continued 
in ehargo of Mr- J, G- Gurlejj editor. 

During the year, 2 annual reports and 2 bulletins were i^ued, as 
follows : 

2Dth Annual Report of tbo Biin?aa of Ametlcaa Btbttology {cantmtUne no ae- 
comfunylng poperp ”Tbo EthnogHKg^phy of the Tewn IndLaiut,'* by Joliii 
Feabody Harrlnatoa). 

30th Aanual Beptrrt of the Bureau of AiueTlcnn Ethnology (contalatng iw'o b<> 
coaiimiiying pipcrap Ethnabotaciy of the Sianl laillaos,'' by Matilda Cose 
l^tev^HDiLt ami '^Afi timutry Into the naJmlaoj acid foUclom of ibe Gulann 
IndiaoOt'' by Walter 11 Roth), and a " List of pubUcntloni! of the Bureau of 
Ajaerlcdiu EtbbOlota*" 

Balletla R7. An Tfttmfluriioo to ibe Study of the Maya llloi^lyplui, by SyIvanna 
Griswold Moliey. 

BuUetJn 62, Fhy^cnl ontliranokigy of the LeEiape or DelawurrSp arid of the 
Eciatcm ludlana In geuenUt by AJeS fJnUiCka. tii press. 

ItEPOBT OF THE AMEHICAJ^ HESTOKIUAL ASSOCIATION. 

The annual reports of the American Historical Association are 
tran^itted by the lussocintion to the Secretary of the Smithson ion 
Institution and are communicateil to Congress under the proviaions 
of the act of incorporation of the association. 

73S3&"—s>i 1016-—. 


0 
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Tlie annual report for 1913 (2 valiumes) was published during the 
year, and the first volume of the 1914 report was m press at the 
close of the fiscal year. 

R£e>OKT OF TUB NATIONAL SOCIETY OF THE DAUGHTEBS OP THE 
A9IERICAN aEVOLUTlON. 

The manuscript of the Eighteenth Annual Report of the National 
Society of the Daughters of the American Revolution for the year 
ending October 11, 1015, was communicated to Congress on March 
26, 1913. 

I ^ 

THE SUrraSONIAN ADVISORY fTOJIMITTEB ON PRINTING AND 
, PUBLICATION. 

The editor has continued to serve as secretary of the Smithsonian 
advisory committee on printing ajid publication. This committee 
passes on alt manuscripts offered for publication by the Institution 
or its branches, and considers forms of routine, blanks, and various 
other matters pertaining to printing and publication. Eighteen meet¬ 
ings were liold during the year and M manuscripts were actcrl upon, 

Bespectfully submitted. 

A. Howard Cuian, Editor, 

Dr. Chauleh D. Wali'ott, 

Secretary of the Smitkeonian institutiotu 



REPORT OF THE EXEriiTfVE COMMITTEE OF THE ROARH OF 
REGENT OF THE SMITHSONIAN INSTITUTION FOR THE 
YEAR ENDLNG JUNE 30, 1016. 


To Hoottl o! ft of the Smithtumtan 

Vmir «xectitJv$ ponunitteo respeviTtiUj s?ibmiti» the followinjir re¬ 
port In rdution to the funds, receipts, end diebiirscmeDts of the In¬ 
stitution, nnd A statement of the appropriations by Congress for the 
NTatioiio] Nltiseuni, the Intematiomd Exchanges, the Bureau of 
American Etlinoiogy, the National Zbological Park, the Astrophysi- 
cal Observatory, and the International Cutalognc of Sdentific Litv¬ 
in re for the year ending June 30, 1016, together with balances of 
previous appropriations: 

eHlTIlHONlAX IKflTiTtmOSf. 

CondiUim of the fund July J, 

The permanent fund of the Institution and the sources from which 
it has Ijeen derived an? as follows; 

DEPdWITOl is THE TtE^lSraY 4JF THE UMlTED fJTATl£?l. 

BeqiitfHt qf ^tnltlwon. lS4fl ______ 

Hesldimry Ifii^ _ ___ _ 

Dppesit from of _ _ „ _ __ 

ticqupFt ^af JiimES UiimllUaiLi 187S—_ . _ 4)0 

ALi:TimtTliitc*c1 Idtiorest on Hnmilton ramJ* _ 1 h 000. Ot> 

n«|iioiit of felmeon Hnbel, 1S80, _ __ __. _1._ 

from unwcodii of jailp of bondR, 13SL ___ 

01ft of Tliomns G+ Htnlgklui^ 19&1__ _ 

f'lirt of rcHlilufiry Icenqy of Thomiuj G. Hcnlj^ktitR. _ 

lielKffllt from sitings of Income* 1003 _ ___ 

IteaJtiling Icfincy of Tboiojti^ Cu Hwl^lns, ISOT . . . 

L><?paslt frona savlnj^ of incoine. lOlS_ ____ 

Turf of bCfioci^t pf WiUlani Jones Uliihra, ____ _ 

DciKwIl of jiToowitB from fifile of rent estate (gift of lloliert Stan¬ 
ton Avery K l^lfl _ _ _ , 

Bequest of Adtlls<m T. Itold, t0t4,_„_. __ _ 

Deposit of savLuipa from Incoti^ of Avery bequest* 1014_ 

of boquest of WlltUitu Jones Uliees, 1011.^_ _ 

Deposit of siiTlni;^ ffotn Income of Rbees bequest* ISin,___ 

Deposit of mvlPEP from Income of Avery fond, 1913_ _ 

Deposit of eurliig 9 from ineoniD of Bold fund, 1915_ ___ 

Deposit of first pnymeat of Lucy T, and George W* Pa^re fniid# 

1913 . . . , 


?5l&, im 00 
210. Kl 
103* Iu20l 31 


2,0410.00 

soo.oo 

31. 300. on 
300JJOO.OO 
aooo.fFn 
samoo 

m&4 

23L93 

0*09X43 

4.mx0l 

204.00 

24^0Ci 

^39 

426* IH 

24.534.02 
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Dc!r<ii*i» uf l^rt of principal of Ail^lLtwa T. Reid fund, IBIO- f4, 60®, TjO 

l>cpck 9 iU of prloclpail of Georjje B* Sanford f ami, IBl®-——^- 1> 0^. 00 

rH>poMlt of BOTinj^i from Income, 1016—-—-- 2, Ct»l,4l 

Total nmomit of fund In Col ted Tnmsury —-^ D06,000.00 

OTIIEK aSHDUXCEH. 

Reiplstcred ntnl j^uunintew! 4 per vent ImiocLs of Uie West ^liore 

Rallrcmd Cov, jwirt nf lof^uey uf Thtuniw G. TlmlskSiiH {par value)^ 42,000.00 
Coopen 5 pet cent bontla of the BrookSyo flapld Tmnall Go,, doe 

JaTy 1. 1018 __—— --- 040.03 

Ctanpcin 0 per ctnit boTwhi of tho ArfsentSne Nallom dtm Dec* 15^ 

101? CcQjgt). --------- 5.003.76 

1,048.134.33 

Also thrpi* ininlt of real w-iate lomtciJ In Itip DIsrtrIvt of Oilumbla und 

hei{iiefithf}d by the lute Reberl Btanton Avpry^ of WashLngton. D. d 

That part of the ftind deposited m the Treasury of llic United 
States, now amountiog to $996,000, bears interest nt 6 per cent per 
aiuiuiii, under the provmons of the act of Congress of August ID, 
1846, orgsuiaing the Institution, and the act approved March 1*2, ISOA 
The real estate bequeathed to the Institution by tlie late Bolicrt 
Stanton Avery is exempt from taxation and yields only a nominal 
revenue from rentals. 

f^utemrMr &/ rewfph rijfif 4Ut^ur9^m^M from i, fa J^hub 50^ 

KEClnTTfi. 


C^b cm dcpoi^lt Biifl la safe July 1,1016^——__ - $ 4 ± IflfLSd 

rutert!?t Oil fuad deposited Ui Ualtod States TreikSniy 

due Jtity 1> lDJ5p aod Jno. 1, 101fl--^ m 071.23 

liiCeftwt oa West Shore EaitrDfld boeds^ Uae July 1,1015^ 

nnj JaEL 1.1D1&,--^— - -]. dSO, 00 

BppoyraentH, publications, etc---—, &, 285.4S 

CbntrKbntlomf from varioiia soiircea for sp^etQe pur^ 

pwis --—....22.(^.SJO 

France Ltn Cliunaberlolii _ -—10,000,00 

AddltiCJO T- Rcld ____ 4,008.50 

—-ior,6?o,2a 


140,83<112 


al5llVBHltMl£^^TS. 

RuUdlngR, curt ntid __ —5,718,40 

Furniture HDll fixtartt®-—— ---_, 1,415L01 

G-roenL expertt^: 

Salaries..^—--— 18,783. 21 

llcttlTVR?i --—----- —163.25 

Stationery _ _______ 330,80 

Postal, teletp^ph, and lelephoae^^__._ ?j®9.12 

FreiBht -------- Sa.82 

Inddeatnl-S furt, and UghtS-._^___1,1S5*SJ2 

Goroee--- - ---- llmie 


23,578.87 
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UhraiT_________ 

PuibUcutlDos nchl tliftr clMrilititloci; 

MistvIliuLeoiiH colleetlonn__5-S, ^3S, 20 

tJoDtrlbntion^ to lniowI«?dge____ 13D. 73 

Ri^portB ---- ^4, SS 

SiHicial iiubHcatloiia____ _ _^ 

Publication suppllea _ _ _ — _221. 05 

Salaries. ........ a SO^ tM> 

—il.tfraao 

Kxi]ionitloD8p reijearcbca, ant] <?oll«^loiwi..*^^^.^___^411.^ 

HcHlRklPa apecitii: fuftiJ, reveurrlie^ hrjJ pabllcatlaruc— _ _ aCK3,37 

Intcmatiimnl excbimfieii —^ — __ __ _ 4, 043. Si 

Gatlery of Jm --—— ... __ _ 21, SS 

Langtry MrotlyiumiEtul Loboriitury ___ 70.05 

ri«?[H>ifltD0 to CfcUit of permanent ftiml,, ----- - a 400. 00 

CaniiolbUitod funO, pureimse cf banOa^^,-,, --- 10.134.3S 

A-ilvmtecs Cor OoM eacneoses, vtc- - -—--- 2S,0T2LfKf 

BatAnce Jtme 30, 1010 ^ 

DepoiOLed wltb Use Tfmatun^f uf tlje Unlteil 44, 511.02 

Cub on Itflod.. __ _^__ ___ 200 lOO 

- 44,m02 


m 850.12 

Toar oxeciitiTe comniittee tigum emploj<5cl the Capitnl Audit Co. 
of this city to audit the receipts and expenditures of the Smith- 
soniiin Institiitioti during the period covered by this report. An 
itemized report has been Bubndtted, but the following cortiticate of 
examination eupporUj the foregoing statement and is hereby ap¬ 
proved : 

AUbrrua'ii ettatemr.^t. 

CAFFrox AriMT METtorouTA?? Ba^IC BmuiiNa, 

iratAiaif/OMt iK 14 ^ JSiff. 

Ext!utire CoMiHfffCLV Baard of Regent /njititwitoji. 

ScEfli We bnve evotuliicit tbe act^mnm jmii voueber^t of tbe ^mltlu^ailiiii In- 
t^ttmlou for the fUcAl eiMlo<l June SO, lOUt omi nerilfy the following to 


be a correct etatcmietit i 

Total recelptfi __——- -fioT* DG2,46 

Total dlabilr^nientfl - *105,117.30 

£lxceas of reculppi over disbanraminits _____ 10 

Amo'olit finaiu July l, _______ 42,105.80 

Balance ua li fl ml Joue 30^ lOlfl ____ ^— — 44.71L02 

Balaa^re ua Bbawn by Tren^uri' jUiiteiuecLt oa uf June W, IPllL _ 4T, S5L11 

LesR GntatamOa^ ____—_ 3.520,00 

BalEinee_ ___--, 44,511.02 

r 4 i‘ib nn hand.._ _____ 200.00 

Bcklnnci* .Tuiio 30, 1010... -.r --—--- 44.71L02 


Dwi Dot tHclEHli* ST.OA liRitiuati Kodi]c vi^ak^lwr Ij^aa, ^fatrj adlI [TUDDttr 
M|fT* 
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Till' Tcnii'lii'’R« pflyment* from the SmHhsantilno Inmme cliijrlt^^ 

thi' yiffljf, «*tte\i nf whlt^Lk beam the npprcn-nl pr the t»r in liLi iilwein*e^ 

i>f tlie netliiir stccrptaiTr, hthI n ctTtlfii'nte tlmt l^e EiinterlEil.^ unit fti^vLcofii elitiri^xJ 
wvTO to the of the 1 tiKEltutLoii, hnv^ exfintinett In \'oa- 

necllop wHh the bookii of Hip ItiAtitulLiiii tind nRnee with thefn. 

CAeiTAl AUnfT Oj., 

Bs WimAH h. YAmm, 

All motleys receivetl by the Stiiiihsonitui Institution from in- 
terestf smiles, und re fundi tig of tnotieyis ietoputnriiy advanced are da^ 
poshed with the Trensurer of the United States to the credit of the 
Institution^ and oil pEijraents are luiitle by eliecks signed by the 
secretary^ 

Tlko eacpenditiires mado by the disbumiig agent of the InHtitntion 
and audited by the Auditor for the State and Other Departments are 
rcportiKi ill detail to Congress and will lie found the printed docu- 
mciiL 

Your cafniTiittee also presents the following fnimmary of appro¬ 
priations for lUe fiseal year lOlIj intrusted by Congress to tlie rare 
of ttio Bniithsiiniiiu liustitution, liatances of previous appropriations 
at the la^giiuiing of the iLscal year, and amountH iineTcpended on 
June aO, 


lodi^niiM^tial mrlwPfv*, ai}4,. 
laOmmiPiml l&KPhuiPPj IIHA.. r r. 
Ini^natlcKiiii ExduBpv. LvU%. ..., 

AfUlii^ kUiflfilkiCTd 11114..... ..... 

AttljplrBJl ktlrpalfiar, 11Kil-.^,+.... 

Aiiwu^ mixifikmf, itis......,^- 

lnt4fiutlfloiU CktBHffu^, IVII . 

tftWtmtlQ&BJ CbliilDity^, IS^UL ...._ _ 

Tjtl^COalfifev, IHlrL. i 

Oldm^Mtcfy p ISI L_„ 
AMi^jvhc^ CHvwntcfT^ W 

Aitrepfa)trik«l OI jw I lilt.. . 

Oi^^tnAciEii Oti^mBiDi lMin*u ir 
HonkAlDcLj^ OftVNttauTni InaMfl HI 
BwlslacMi OM-vtcmnt Moihp Ml 
TtfPir t i l rti cw aniB Miivni W|S4, T0‘U. . 
lEafifeln ta EkulliUiic. Illir- . 



FTvnlhm «n4 lUtemri, 1F|i, , 
rumltLLTi ■ud Aj(turwi+ tFI>.. 
Fiffutiira uhI BLitkiJif. IHlA.- 
IlNUar Ikbtav, lllk.. 

ilMOHiriiFUt SvMtUw^tNX . 

Ilriki^mnd IHfbtlDi. 1914.... .. 
roMrUJuA MHhMnlaciA. 3^1. 
nwwiiUDa WUS- 

Vmormxkm bf rcdteilw, lifia 

Omb. 1914.... ......._ 

.. .. 

- ^ .11*16. 


I'Vtev.mA..... 

Doildllll rvtidn.. 1431. 

1lulUluEr#^;tV3J^. 
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Siaitmeni «/ ciHmatc4 incQtit^ froM SmUnMit^n fund &nd from oiher 
joirrfvji qomrcd fN^pccliw^ to Inj qpaflabffi clvnui^ tho fiseai pear (tudOiff 
Jtinti S&, JFJ7. 


Eil1iuii.-i> Junfl SOp 1910_________ f44, Til. 02 

iDtorcat on fum\ In Ualtaj Sfutos T^tawt 

due Jx^lS 1, tOlO, and Jdn. Ip ____ |Oa,4SU00 

IntfTCflt tan West Sliore Bdllrttad bomk due Jnl]^ ISIO, 

niHl Jan- 1. .....l.mOO 

EitirruiDRC refuiymont^ HSle of pub1lrtitk»iiii, refund of 

odvatirea, etc_______T, E52d. M 

DepcisKta for i^irfHAe puiruflOH______ 12 , qq 

—-—— 


Total avallablo for srwtr ejiiUtig June flOp J91T _ _ lSO^3i0&O6 

Eesx?ectfii]]_v submltt«d. 

Goorob Gbat, 

Alexanokr Graham Beu, 
Srkebt Romcmns, 

Sxi!€JUt£vo CoiTimitidd. 











PROCEEDINGS OF TIIE BOARD OF REGFJtTS OF THE SMLTH^ 
SONIAN INSTITUTION FOR THE FISCAL YEAR 
ENDING JUNE 30, 1910. 


AKNTIAL ICEETING, DECEICBEB 

The Board of Regents met at the Smithsonmn In^toticoi in regn- 
lar oJinool at tO o^doek n. m. December 0,1916. 

Presenl; The Hon. Edward D. White, Chief Justice of the Tjoited 
States, chancellor, in the choir j Senator Henry Cabot I>odge; Senator 
William Ji Stono; Senator Henry F. HolUa; Kepreseatativ'e Scott 
Ferrisi Representative Ernest W* Roberts; tho Hon. Maurice Con¬ 
nolly; Dr. Andrew D. White, Dr. A. Graham Boll; the Hon. George 
Gray; Mr. John B. Henderson; the Hon. Charles W, Fairhanka; and 
the secretary, Dr. Charles D. Walcott. 

ArPOlKTMEBJT OF IteOKST. 

It wns atinoijnceLl that William J. Stone^ Senator from hllEsotirij 
had been reapi>ointtHJ u Regent by the Vice President on Pebruaiy 
IS, 1916. 

radOLUTlON JlEr.ATlVE TO tUtCon^ ANO ElmNDlTUaE* 

On motion by Judge Gray, chairman of tiie e?cecutive rommittee, 
the following resoUition was adopted: 

That thv Incoiiie of tlic f rust nation for Iho Oscal yoar emlloR Jane 
30, lOlTp \w Bppnjnrtatt'd fcr Uie scrTk-e of tlw lostlmtloti, to lie cxpcnilBil hy 
Utu wUh Oif Hfivice of tbe e:]S«cutlve commliteep witli fall Ob^cretlon 

an Uie pan of m to 

VACAh'OY iK iyLBt:tiTlVF 51 lTTEi^, 

On motion it wa^— 

That Mr. Enimt W, RolicirtA In? oloctsHl to tlw exeetlHve Cfiiamittco 
1u fill tho vocainr;}' cniiseil tij lije retlretnenc of Maurice CounoUy. 

AKNUAL itEPoar OP Tiin E.tfiCimvi: opMaim nn. 

The annuttl report of the executive cnmniittee reviewing the flnan- 
citil condition of the Institution for tiic fiscal yeer ending June 30 
lOJfl, was presenteil in printed form and adopt^l. ' 

m 
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AKNCTAL ItKroirr OF THE PEnitlilXEyT CdllltlITTEE. 

The penDani'nt comiiiittee pix>A:nteiJ Uhj fullowitig stutetuciit: 

Uodgliiat fund, —A iliinl nllutiucnt df $5,000 wiis made from the 
income of Ibis fund for the piirpoa: of ccmtinuing the work of the 
Langley Aerodynamical Laboratory. 

Foffre &e$ti€st. —ifr. John J. PicUman, executor of the estate of 
George W, Poore, was given an indemnity bond to giianmtee him 
from loss, and he Uiereupon paid to the Institution the sum of 
$34,534.92, the net proceeds of the estate, exclusive of certain parcels 
of land, which are estimated to have a vatue of $10,000. 

The Addiiim. T. Reid hc^u&it was made for the purpose of found¬ 
ing a chair in biology os a mernnriaj to the testator’s gmuUfathcr, 
Asher Tunis, suiiject to the condition that the income be paid in 
three shares to certain enumerated heneRciarics until their death, 
when the principal of the estate, with accumulations, was to come to 
the Institution. As previously reported, one of the liencticiaries 
died in 1013, and the amount of her shtire, $4,795.01, was duly iie- 
ceived by the Institution. A second lieneficiary died during the 
summer of 1915, and her share, amounting to $4,093.59, was also 
received. 

Rheee I/e^pieet. —Mr. William Jones Pliees, chief clerk of the In¬ 
stitution for nearly 40 years, died Marclt 18, 1907, bequeathing to 
the Institution the sum of $500. This bequest has been received and 
will he allowed to increase by the addition of its earnings tn the 
principal tmtll a sudicient sum shall have been rentisied to make 
possible the provision of a suitable work nf feome kind to serve as a 
Tuenioriul to this able and faithful ofKcial. 

Chamherlmn iei^aette ,—The boanl was informed at a piTcvious 
meeting that Dr. Txsander T. Ciiamlserlain had made two liequesUt to 
the TnatitutiDD, each to be knoivn as ^tho prances Lea Chamberlain 
Fund.” 

The first bequest wsa $25,000, the Income of which was to be used 
“ for promoting the increase and the acienttfic value and use fulness 
of the collection of gems and grin material known as the * Isaac I^a 
Collection' in the department of minerals in the TTnited States 
National Museum 

The aecoud licquest was $10,000, the Income to lie used “ for pro¬ 
moting tho scientific value ami usefulness of the collection of mol- 
lusks known as tlic * Isaac Lea Collection,'” also in the Niitiomil 
Museum. This second bequest has been received. 

Sanford hegae^t—X licquest of $1/530 bos been rejsived by the 
Institution under tho will of Sirs. Helen B. fianford for the purpose 
of founding ‘^the George H. Sanford fund,” as a memorial to her 
husband. The income of Hits fund is to be used for the increase and 
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diffusion of knowing* on such subjects as the Institntiuii nmy difcid^ 
upoiu 

On niutlon the rei>ort of th(j |>in-tiiiinent committee was accepted. 
secretaicy's annual REPoirr. 

The secretary presented his lUjnual report in printed form and 
made statements thereoti as follow^s: 

The Sroithsonian Institution and its branches ^oe the lust annua! 
tnecting of the Regents have issued a total of 93 publlcatiom aggre¬ 
gating about S,006 pages and 550 plat^ TyrentyJQur of these 
publications (1,5^5 pages and ISO plates) were issued by the Tiu^itu- 
tion proper; of them (5,370 pages and 380 plates) by the N'ational 
ililusemn; and 3 (IjldS pages and 6 plates) by the "Onreaii of Ameri¬ 
can Ethnology. The total number of all pubUcations distributed 
during the year was 145.:373. In addition, the annual report of the 
American Historical Association and of the National Soeiety of the 
Daughters of the American Revolution weri! examined by the Institu¬ 
tion and trausinitteil to the Congress. 

From amoiig Taluable contrihutiona to nearly evmj branch of 
science covered in these Tarioua publications, may be tneniioned as 
of special interest two pa[>Bre i^ued by the Institution proper under 
the Tlodgkiiis fimdj one, an extended study of the radiation of the 
atinosphcre, the other, a paper on the intensity of solar radiation 
outside the atmosphere. In the course of experiments covered by 
the latteri, free balloons with recording apparatus reftched nkitudes 
up to 15 miles and were recovered with the rccojxls in good liondi-^ 
tion. Another paper of considerable interest to physicists and 
chemists is entitled “A magneton theory of the stnicture of the 
atom,’' by A. L, Pan^m- 

Among National l^fuseum publications there was issued from the 
United States Nationiil ITerbariiiiii n Flora of New Mexico, which 
describes some 3,000 spedes c^f plants from that Statcp 

There was also firinted the usual pampUIct on explorations and 
researches by the Smithsonian Institution and its branches, written 
In a semipopular style and containing numerous illustratiunsL 

Last year there was published a wxnk giving some results of the 
secretary's studies in Pro-Cumbrian AIgnnkiun algal flora, and there 
liiis 5>een preparM] for the cuiTont annual report a general review of 
the seirretary^s field and Jalmratory work in Cambrian geology dur¬ 
ing several years past. 

The iVnniial Report of the InMitution for 1014 was completed con- 
siderahly curlier than for any previous year. The general appendix 
contains 30 papers relating as usual to all branches of sdenee. The 
public demand for Uie Smithsonian Report hog become so great 
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thut C^OTi^rcfij? nuthortzed the cilition to lie hicp^^nsftl from T^)00 to 
10j(KX} copiRL 

Tur^ uiKOLrv AKunnrsAaftCAt t^mnATonw 

At tliG irnmial meiitJiig of tlie Bfiarcl of held December 

lOj l&li, n resolution wiiis fidopte^J providkig for the appi>iiittdmt by 
the chancellor of a committee of four memljora of the L^ard and tii© 
secretary consider qmeatioiiB relative to the I^angley Aerody¬ 
namical T^iboratory.^" The follo'ffLng committee was appointed: 
Dr. Alexander Graham Belh chairman; Bon. William -I. Slone* 
Hon. Ernest Roberts, Mr. John B. Henderson, itnd the secretaiy. 

This committee presented a report to the board on the history of 
the organization of the luLl}oratory under the authority of the Re¬ 
gents and on the need of a Kotional Advisoi'y Committee on Aero¬ 
nautics; also n statement of American agencies, resouixies, and faci li¬ 
tis^ for the work, and of the progress made by other [lations in this 
subject. In addition a report was made on the action tiiken by Con- 
greijs authorizing the appointment of an advi^sory committee hy the 
Presided of the United States, who sul^piendy selected such com¬ 
mittee as follows: 

(leHi George P. Scriven, Uniteil Sbites Army, and IJeiit. CoL 
Samuel Rehor, United Stotes Army, representing iJie Army ; Capt. 
Mark K lirjilol, Unitetf States Navy, and Naval Constructor H. C, 
Richardson, United Sbitcs Ka%'y, representing tlie Navy; Mr* Charles 
Marvin, Chief United States Weather Bureau; Dr. S, W. Strut- 
ton, Director United States Bureau of Standards; Mr, Byron R, 
Newton, Assistant Secretary United Staii'S Treasury; ProC W. 1*\ 
Durand, Stanford University of Califomm; Prof. Midiuel 1. Pupin, 
Columbia University, New York City; Prof. Jolm F* Hay ford, 
Northwestei'n University, Hlinoifi; Prot iloseph S. Ames, Johns 
Hopkins Universit}', Baltimore, ktd,|Dr» Charles D, Walrott, Secre¬ 
tary Smithsonian Institution. 

The committee^ report stjited further tiuit it was not dcerited prol>- 
able, in view of the organization a ml «ooi>e of the National Advi.^ory 
Committee for Aeronaiitic^ that the Smitluionian Institution would 
find it nec<sasary to esialjlL^h un nerorlynamical lalKuiitory for exi>eri- 
mental purpese^. Its fuuetiDii would now l>e more in the direction 
of aiding In such studies Eind experiiiients ns could not wtH W other- 
wim provided for oUil in pubtisiiirig surh material as might be of 
value in tlip development of the art. 

f>n motion, the report was accepted. 

In this connection the secretary slate<l that the experiments l:teing 
roudurted w’itb ihe Uanglcy aerCHlrome on I^ke Keuku, New York, 
were siicct'^sfully eontinueil during the year 1915 und that a refjort 


128 ANNUAL REi'OItT SMJTIieONTATf INSTirUTTO N. 1913. 

thereon hiid been lilod in the office 1i^ Dr. A. F. ZxiliniT tliiit the 
Xtitionnl AdTisoiy GotnmiUec for .Veronautica had approved of the 
cooperation iwtiveen the .Smithsonian Iii.st)tution imd the United 
States Weather Bureau in connection widi tlic mTestigutions of the 
otmospJtere having a bearing upon aeronautics, and tiiot this coopera¬ 
tion had met rvith tlie approval of the Secretary of Agriculture and 
of the Chief of the IVeathcr Bureau. To cony this into effect, 83,500 
had lieen set aside front the allotment for the Langley Aerodynamical 
Tjoborntary for the purchase of necessary instruments, sounding hnl- 
loon.-;, etc., and for conducting such experiments ns could not lie pro¬ 
vided for from funds of the Wcatiier Bureau. 

fitu for Fner Gdltery of Aw.—At the lost meeting of the board a 
resolution was adopted onthoriEing the chancellor to appoint a com- 
iTiittec to consider the matter of a site for the proposed Freer Build¬ 
ing, und the following were appointed on said committee: Senator 
Luilge, Senator lloTIis, Judge Gray, Mr. Connolly, mnl the secrotnry. 
The committee presented a report rGoonunending that the building 
lie erected on a site in the southwest comer of the Smithsonian 
ground.s west of tho Smithsonian building, and south of tlie line 
recommended by tho National Park Commlsalon in iJKlG for future 
liiiiUlingson the Mull. 

The eoitinuttet>''s rei^vmmendation was approved by the lioard. 

In this connection tlie secretary reotl tm extract from Mr. Freer’s 
Jotter of December t. stating that if the board took favorable action 
lie woidd at once place at the Institutions disiHisul ihc SI,000,000 ho 
Junl already set aside for this purpose. 

Tlie set-rctary referred to the WiJener art collection and to the 
newspaper eamments as bi tlie possibility of securing the collection 
for tVusIiingtoii City. These art objects were left to Mr. M^'idener's 
son with discretion as to doiiiitlng them to Philadelphia, Washington, 
or N'ew A'ork. The collection is now liandsoniely lioused, and the 
fietrretary very uiudi doubted thot any action would be taken toward 
its being placed elsewhere for many years to come. 

Spe.'iking on tho subject of the National Gallery of Art, the secre- 
tnry mentioned the art collections already in the custody of tlie Insts- 
tiition and Baid that the time will soon be bore when definite action 
must lie taken looking to their proper housing. 

Bird and anitnid rc/uy<?a.—Tlie secretary .stilted that he had given 
considerable attention to llic dei'clopment of ihc movement for the 
creation of bird refuges, and that be had called the attention of the 
execiitiyc committee to an inquiry tliiit liad 1 m^ made as to whether 
the Smithsonian Institution would consider the iiccepfanre of u hirea 
tract of land on the coo-st of the Gulf of Mexico for the adriiinistra- 
tion of ii great bird and wild animal refuge. 
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The board decided that jjifts of hinds, buildings, or fiitids to estab¬ 
lish bird or wild animal refuges might be accepted and iidmltiistered, 
on condition that adequate provision for their proper maintenanco 
lie made by the donor or dotiora or other agencies, 

sbchetakvV statemest. 

'Hic aecrettiry also made the following statements: 

The National Gallei^' of Art received in JuIt^ lOlS, a collection of 
pictures which, though not of an elaborato nature, is remarkable for 
the long list of eminent artisU represcDtcd. Tlie collection consiiita 
of 82 drawings executed with various meiluims, principaUv water 
color, crayon, charcoal, pencil, chalk, and pen, by as many of the 
most prominent contemporary painters, sculptors, and engravers of 
the French Republic, It came as a testimonial from the people of 
France to the people of the United States in recognition of their 
sympathetic efforts toward relie^nng the distress and suffering in 
France occasioned by the war in Europe and is the result of ai-tion 
by an organiKiJig oommitteo in Paris begtin in liar eh, 1015. The 
collection was delivered to the American ambassiidor at the Freneh 
capital early in duly, and immediately upon its receipt at the Depart¬ 
ment of State in Washington it was depomted in the National 
Gallery. 

A Catalogue of the collection has been printed and widely circu¬ 
lated, and it constitutes a niost distinguished honor roll. Of added 
interest is the fact that the pictures are aj] signed, and, with very 
few exceptions, each is also inscribed by the artist with an expression 
of friendly feeling and gratitude. 

of Americttn EtTaiology .—During the sumbicr and miturnn 
of 1015 important archeological excavations were conducted in the 
historic Nttcoocheo Mound in White County, Ga., es well as In the 
Mesa Verde Nationiil Park of southern Colorado, where a large ruin 
exhibiting rcmarkuhle masonry was thoroughly excavated and re¬ 
paired. 

Ethnologic investigations among the Creek and Niitcheu Indians 
of Oklahonin, the Fox Indians of Iowa and Oklahoma, and the Chu- 
mash and Molmve Indians of Callfoniin, were prosecuted In the field 
with excellent results, and equally successful efforts were made in 
studying the hinguagrs of some of the tribes of Oregon that are 
threatened with extiiiction- 

A reconnaisanoe of the ruins of pueblos in the Zuni Valley, New 
Mexico, WPS made with a view to their excavation during the summer 
of 1916. 

Addition of lond to the Xstiontd. Zoological Park—The sundry 
civil act for the fiscal year ending June SO, 1914, appropriated 
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?10j,20ft for the purchiiset as an ndrlitimn to the Nationiil Zoologiniil 
Park, of land lying between the present western bonndary of the 
park and Conneeticnt Avenue, between Cathedral Avenue nnd Klin- 
gle Road« 

After many delays in the legal steps to aciniire tJib land, the Jury 
of condemniitiun presented its fiitdings to the court on Deccmlier 
f], 1014, 118 follow.>{: 


l>flrnQKc!i a|]|iriiL‘«iNl._, __________ _fllM, 4^08 

- - - .. _ :i£. 303«3ri 


Total ----- 

nt- ____ _ GO 


KjEWfts *tf ___ 13 <>.JX? 

This mm erwcf!^? thi- ttnamtirliitlfin hj' ____ 2a, r^. 08 


On January 13, iai5, the motion of the Secretary of the Treasury 
to confirm the verdict was received by the court and filed. From 
time to time exceptions to the verdict were filed by various property 
owners interested, and on June SU, 1015, the court wet aside the ver¬ 
dict of the assessment of }>cnefits and costs us regarfls exceptors and 
con firmed the remainder of the assessments and the awards of 
damages. 

A recent statement from the Assistant United Statra Attorney for 
the District shows that the henefits assessed by the jurv that "have 
been set aside by the court amount to approximately $48,<X)0, and 
that, Bceording to big figures, the total amount that will bo required 
to secure the land will Ije approximately $179,000 instead of the 
$107,300 as approprluteil 

The land in question lias a frontage on Connecticot Avenue of 1 750 
feet and covers nbnut 10 acres, which if obtained will bring the 
pork area to an aggregate of 180 acres. 

JVotes on the receni tpari of t^e Aatropk^aical Ohserratory. _ 

Dr. Charles O. Abbot, director, and Ulr. L. B. Aldrich, assistant, 
have continued at Alount Wilson, Cal,, their observations on the in¬ 
tensity of solar radiation. 

Complete reductions of the Mount Wilson work of 1014 show that 
the return of solar activity in that year—after the passage of the 
minimum epoch of 1913 (in which gun spots had become fewer than 
at any time for a centuiy)—was attended by a very considerable rise 
in the intensity of solar radiation. IVork with the tower telescope 
™ Whitney was continued, and this also confirmed the 

variability of the sun. 

It is greatly regretted that no other obsen-ing station had been 
equipped to share witli the Institution these observations on the varia¬ 
tion of the sun. Only when several observatories, widely scattered 
in favorable regions as regards weather conditions, shall unite to 
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fullciv Uie^ obssenaiionH from day to dny for aeveml ycan^ can the 
results be of much value to mctcjortilogistf; a& evidence whether or not 
the sim^s variubiUty influences terreMrjni dimafe. The InsthutTnn 
is looking fon^ arJ to eHtsblkhing ond opemting el stntiDn in Argen¬ 
tina or some other favoruhlc sitiintion in Hoirth Amcricft, tiieexjjcnse 
to be provided for from the income of the llodgkJna fimcL 

A new vacuum iKdometer has been devised which in act mi! trial 
develo|ied 20 times the sensitiveness of the bolometer hei'ctofore 
n^ed on Muimt Wilson Cor these ro^enrehes. With this new bolo¬ 
meter at least one ten-millionth of a degree rise of tetiiperntiire 
eould be detected ami measured^, and it fteems not inipc^ible that a 
bolometric outfit could be constructed capable of detecting and 
measuring even a billionlli of n degree r\^ of feni|H'nitrire* 

TAc Rese^irch Corpamimfu —'i1ie Rcsean*h Corporation has sue- 
ccfiiaftilly continiic^l its work during the year and is now on a sound 
financial hasis. On October 3^ the of the corporation 

were $100,004.23, In these assets the Cottrell process patents are 
viihied at the nominal from of $1,000- 

It will be recollected that the Research Corporation was organ ikimI 
in FebruaiT, 1012, wU!i a capital of $10,000 and a mlury roll of 
than $3,000, The salniy roll for the ensuing year, ow-ing to the great 
increase in the scope of the work, will fie in the neighborhood of 
$ 38 , 000 . 

The energies of the corjxirtition have Iteeti almost entirely applied 
in connection with the experimental precipitation processes w'hich, 
it will 1>e recalledt were offered to the Smithsonian InstUntion by 
Dr- Cottrell, and by it in turn offered to the Research CorpomLion 
for commercial development. If the g^iccessfiil devehjpment of the 
nrgunbution continues other lines of research will lie entered npon^ 

/n^ctr^icfil pnctpiialion of foff, —Under a grant of $3,000 msih! by 
the IfistitiiiLon from the Hoilglrinf? fund Dr. (t, Cottrell has con¬ 
do ctetl cxpcHmcnts at the Panama-Pacific Exposition at San Fran¬ 
cisco in relation to the electrical precipitation of fog. The secre¬ 
tary, while visiting tlie exposition, gaw snuiething of the experi¬ 
ments and examined the apparatus used. The most striking features 
of the apparatus are the Thorthirwon 330,000 and 1,000,000 volt 
transformers placed at the service of Dr, Cottrell. Tliese experi¬ 
ments involved the cooperation of the Panama-Pa rifle Esporition 
ofllciELls, the Research Corporation, Mr- C. H. Thoixlarson, tlie Uni¬ 
versity of California, the General Electric Co,, and the SmitlLsonian 
Institution, 

Tlie problem of clearing fog differs from other precipitation pn:A- 
loms m geveral respects. For in^^ce, in the latter cases it is mani¬ 
festly necessary to actually deposit the suspended matter on the elec¬ 
trodes Ln order to accomplish the effect sought, while in ttte case of 
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fogi if evcfi q coD^derftble coalesc&iice of the minute particles into 
largie oni^ could lie effected^ it T^-ould beeotne much tuucc tronsparent, 
even aside from llie more rapid eettling of the drops* Uew dllGcub 
ties are to lie eApected^ however, such as the matter of inflation ^ 
for the rpaaon that the whole iipparatus is of necessity contuiuouely 
immersed in the irct atmosphere. 

JIarriman tm^t fund. —Dr* C. Ilnrt Merriaim, operating under the 
trust fund established hy Mrs. E. H. Harrijimn, has cuiitiiuied the 
study of the Big Bears of Korth America, and the preparation of 
njiuiuscri|it add illustrations for the press. Owing to the scarcity 
of specimens of some of the less knomui specie, final effort was 
made to cbtnln atlditional skulls^ nnd more thim 50 were secured 
whidi liave proved of value in clearing tip points prerioudy m doubt 
as to the charnctei's uf several of the species. 

The laljor of searchLng the Uternture relating to early explora- 
tiorij huntingH, und travel for records of bear iind other aiiininist has 
been continued, aTiJ largo additioiis have been made to the files of 
material relating to North American mammals and to the Iiidiiin 
tribes of California and Nevada, 

B&meo tfjrpfrfiViW—As preWously stated, Dr, W* L. 

Abbottj a collaborator of the National Museum, eontriimteJ ¥11,000 
in money and between $500 and $1,000 in ommumtion and supplies 
for the purpose of conducting a Collecting expedition in Borneo and 
Celebes; Mr, Henry C, Raven, Dr* Abbott’s person h 1 repressentative 
in this enterpri^Hi spent alwut two years in Borneo and nearly a year 
in Celebes, Ho returned to Washington during the summer of 1S>15* 
The e^epedition has been briedy described in a pamphlet recently is¬ 
sued by the Institution* Tte main results include a collection of 405 
mammaJs, 8T0 hirebs 50 reptilcSj and a miscellaneous scries of ethno¬ 
logical and zoological nuiteiiah 

br, Abbott has recently added to his generous gifts a donation of 
$2,000 to provide for a second expedition to make natural histon’ rob 
lev Lions and explorations in the Dutch East Indiefi, particularly 
m Celebes* Mr. Raven was selected for thk new exprfitionj and 
after outfitting at Washington, he sadet! October 19, 1915, from 
Seattle for tlie field of his new operatiomt via Singa{yc>re. The 
oxpeditian is expected to last about three and the results will 

be presented to the National Museum. 

Siberian As previously reported, an expedition to 

Siberia was financed by the Telluride Association j of Ithaca, N. Y, 
which genemiLsIy donated $3,500 for the pnrtJoseL The expedition 
was under the direction of Cspt* John Tfor^n* W'ho was accompanied 
by Mn Copley Amory, jr.* a collaborator of the National Museum, 
and by Mr. Benno Alexander, who epecUlly represented the Smith¬ 
sonian InstiiutioiLp 
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The party sailed from Seattle on Jtme '26^ and nfter an ex- 
plomtion of the territory about the Kolytuti Kivii'r region, Mr. 
Amory returned during the stimtiasr of 11^15 briaging 3G5 oiaEumals 
and 2<>Jr birda^ This collection was obtained nt the nominal cost of 
Lin ontfit and the transportation from Nome, Alaska^ to Wa^ihington, 
and ia a very important contribution to the National ^luseunn. 

u^ork in Xorlh Chha. —Mr. A. dc C- Sowerby b con- 
rinuLpg bis work in Moacbiiria and northeastern China through the 
generosity of a friend of the Smithsonian, whose identity, as here¬ 
tofore reporteii, is withheld. Two w apiti bucks and a roc deer have 
l>ecn receivci:!, hut the main collections have been delayeil in tnuisit 
(rmf WtfominJ /,—Tlie secretary continued his work of 
cxplonition among the fossil beds of Alontnna in connection with 
his studies of the early life of the earth. In the Yellowstone Na¬ 
tional l^ark he observed the character and methoi! of depo^tion 
i»f the liot spring and geyser ^leposits by the primitive blue-green 
algiiV and supervised the collectijig of siliceous geyscrito, snikified 
WfXKh anti volcanic roekiH Over 5 tons of material were shipped 
to the National during the summer af 1915. 

On leaving the park the t'aiiyoii of the West Gallatin Eiver was 
followed for a dLstnnee of 30 miles, and the valley of the npiJcr 
Mib^souri Hiver was crossed at Town^tid, MonL, cn route to the Belt 
MouiitainsH A c<>llc<*tion of very ancient fossil algal remains was 
made there, of which one nnd a half ton^ of specimens were selected 
for rtudy in connection vvith the material obtained during the field 
soasf>n of iOl b Theisc ispeeimcnH rout a in the oldest fossil Ijacteria 
known, as well as deposits similar to thoi^ made hy the blue-green 
algm in the Yellowrtone National Park hot springs. 

Throughout the trip Dn Walcott was assisted by Mis, Walcott, 
who is an enthusiastic photographer and collector. 

/frrfficX'uV propo^eit ABtatic ficpcrfifion.—-The object of the 
contemplated ejcpcdition is to trace in eartem A^ia, os far as may ho 
possible, the origin of the American aborigines, which is now one of 
the foremost problems before the anthropologists of the world. A 
preliminary siirv^ey of ports of Siberia and Mongolia^ made by 
Dr. Hrdli^ko under the auspices of the Smith^nian Institution in 
1912; yielded results of the most interesting nature, and the cridence, 
ctliiinlogical and archeological, encouraged the belief that' further 
i’c?scarch would lead to determinations of great scientific valuo. The 
primitive tribes visited by Dr. HrdJicka arc, in. their physical 
eharucteriatics, hardly to be distinguished from the typical Amerkun 
Indian and the truces of prehistoric culture give almost equally close 
analogies, and it seems most desirable that further explorations 
should be undertaken. 
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The great group of peoples concerned and to be studied are dis¬ 
tributed over Tibet, western ChUu, Mongolia, Manchuria, Korea, 
flapan, and a large part of Siberia, and extend in varying degrees 
of relationship to Polynesia, Malaysia, and the Philippine Islands. 
The special object of Dr. Hcdltcka’s proposed expedition la to defi¬ 
nitely trace this difitrihution in its relation to the peopling of the 
American Continent. It is anticipated that the proposed survey 
should extend over four or five yeara 

Sfr. TTarwer ff j/>yoposed £xp&ittton to cuttern Aaist.—An expedition 
which is expected to cooperate in important ways ^rith that of Dr. 
BrdUrka, but which will devote its main attenti^ to the prehistoric 
and early hUtoric archeology and art of eastern Asia, is contem¬ 
plated by Mr. Langdon Warner. Mr. Warner plans to explore cer¬ 
tain di^ricts of southern China,, excavating tnounds and ruined 
cities which are confidently expected to yield archeologioil and art 
treasures of exceptional value. Doubtless these excavations will re¬ 
sult in the rMov^ of large quantities of skeletal remains and of 
objects of primitive art, which placed in the hands of specialists in 
these branches will serve to throw much light on the ancient people 
of Asia. 

This expedition is undertaken under the auspices of the new Cleve¬ 
land Museum of Art. 
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ADVERTISEMENT. 


Tlio object of the GexeiiAi< Api^kwots to the Atitiual Report of tiitt 
SmitJi:>uiiian InstUutiun ts to fumisli brief ncconnti; of adentitic dis¬ 
covery in particular directions; reports of investigationa made by 
coUnboi'utoi'S of the Itistitution; and mcmairs of ei generaL clmnurtcr 
or on Sficciftl topics that nre of interest or value to tbo numenuis 
com^poDitents of the Institution. 

It tins Iwcn ti ])roniinciit object of ttie Board i>f Regents of the 
Smttlisoiiiun Ijistitutiou, from a very enriy date, to citrieb tlie atnniiil 
report required of them by law witti jiicmoirH ilhistmting the more 
remurbalile ami important developments in physintl ami biological 
discovery^ as well jisshowitig tlio generiil eUinaicter of the ofjemtions 
of tlie Institution: and this purpose has, during the greater part of 
its history, been rarried out largely by tbe publication of siidi ]>oper 3 
Hs vroulil possess an interest to all attracted by scientific progress. 

In 1880 tho secretary, iniliiccd in part by the discojitintiunre of an 
annual sun unary of progress which for 30 years prcvtoiiB had l}een 
issued by well-known private publishing finiL<^ had prepared by 
esompetent coIUboratorB a %ries of abstracts, sliowlng concisely the 
prominent features of recent scientific progress in astronomy, geol¬ 
ogy, meteorology', physics, chemistry, mineralogy, botany, jioology, 
and anthropology. This latter plan was continued, tlmu^ not alto¬ 
gether satisfactorily, down to and including the year 1888. 

In tbe report for 1888 a return was made to the earlier method of 
presenting a misccllRneoiis selection of papers (some of them oHgi- 
iml) embrnclrig a considerable range of scientific investigation and 
disctisstop. This nicthod has been continued in the present report 
for 1016. 
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ADinXISTKATION AND ACTmTIES OF THE SMITH¬ 
SONIAN INSTITUTION. 


By A. ClamKi 

KdUorf ImUtutlon^ 


[Wllb 22 rUit€^J 

THE EKTABLISHMENT—BOjVBB OF HKOF.^^TS. 

The SmithsdDifln Ini^tltution waia by ai:t of Conpress, in 

according to tb& terma of the will of Janies Smitiison^ of 
England, ivho iiv 1S"2I> bequeathed hb property to the United States 
of America found at Washington, mder the name of the 
Smithsonian DigtitutioD, an e^ablisluiient for the increase and dif* 
fusion of knowledgf! among men.” In receiving the property and 
accepiing the trusty Congress deterniined that the Federal Govern- 
ment was without authority to administer the trust dlrcclly, and 
therefcire constituted an establishment,” whose statutory tnembtu's 
are **the President, the Vice President, the Chief Justice^ and the 
heads of the executive departments." The business of the Institution 
is conducted hy a Boanl of Regents composed of “ the ’^Ice Fresidimt, 
the Chief Justice of the United States, and three Members of the 
Senate mid Ibree Members of the House of Representatives, together 
with six other persona other than hfembers of Congresei, two of whom 
shall be reddent m the city of Washington and the otlier four shall 
bo inhiibitimts of some State, but no two of them of the same State,” 
The Regents elect one of their number as chanced or, usually the 
tliief iTuoticet who is the presiding officer of the board, and elect a 
Euiitable person as secretary of the Institution^ who in also sipcretary 
of tlie iKiard and the executive officer and dimtor of Uie Inatitiitiim's 
activities. 

RESOUHCES. 

The annual income of the Institution b about $100,000, derived 
from interest on the pernianeut fund (in the Umted States Treas^ 
iiry) and on sxieciul ^mds^ and contributiofis from various sources, 
which is applied to operations of the Institution proper, lic^des 
annual congrei^donul appropriations of about $000,000 for the jiiain- 
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tcDimc^ of thQ bui%Eiii4» or brimclies of the InslUutiott (levelaped 
tbvoiij^h its caiiy HL-tivities^ including the United States Nationai 
Museum and the National Gallery of Art^ the Internationul Ex- 
elimnge! Scrviofij the Buix^au of Amerieuii Etbnologj', tUo National 
Zoological Parity the Aitmpliysiical Obserratory^ mid the United 
State:9 Bureau of the Internatioiial Catalogue of Scientilie Litera¬ 
ture- TJic Kegents are empowered to accept gifts without aoiion of 
Congrt'ss in furtherance of the purposes of the Institution, and to 
adminialer trubds in aecord therewilUp Many important roearchea 
and ex^jeditionSy particularly during reemt years, have also been 
aided by siiecial trusts pro^dded by patrons of the Institution 
Among the most notable of these explorations, financed through pri¬ 
vate dunaiiona, was the African expc^iition under Theodore Roose- 
veltt and exploratione m the Far continued for several years 
post through the liberality of Dr. William L. Abbott* The iucoine 
of certnin trust funds is set aside for specific purposes, as that of 
the Frances Tjca Chamberlain fund for the maintenance of the Isaac 
Lea collections of gpins aud moll lists, and that of a fund estublished 
by K. H. Harriumn tiyr carrying on cerlaUi blolc^cal studies; 
ako the ineome of a portion of the Hodgkins fund, devoted to Uie 
study of atraospUeric air* 

SMrriLsoNUxV buildings. 

Tlie liTiildings OLTiipied by Ihc Institution and the National 
MiLseitm arc in the Smithsonian I*ark, au area of acres about inld^ 
way Wtween tlie Capitol and the Waaliington Muntinicni. Tlie origi- 
nal Smithsonian building is of brownidonc in twelfth century Nor¬ 
man or Loiuhard style of architectiirej 447 feet front and covering 
about CO^OOO square feet. It was completed in The adiuinis- 

trailve ofiicea are here, as also several sections of the library^ the 
Museum division of plants or National Herbarium^ and the din- 
flion of graphic dHa, also the offices and library of the Bureau of 
American Ethnology* 

Adjat^ent to the mlministrative building on the east is the Museum 
of Industi ial Arts, built of brid« in mudemiKed iluniiuiesque styk of 
nrchlteduret covering akiut SJ acres, and cgnipleted in 18SI* Here: 
are cxliibitcd objects relating chiefly to the arts and industries and 
American history h 

On the nortli side of the park ia the Museum of Natttral History, 
cxjQipleted in ^fliis fine structure is of granite in modem ela^c 

style with dome end columned portico. It covers an area of alxiut 
4 Hcres ond in its gniund floor niid the three atorie^ there are 
square ft?ol of floor apace, one-half of w4iich h devoted to exhibition 
jiurpt^Si the otlier half being utili 2 H for storage rooms, offices. 
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luborAtoriiv^^ and ol}i(?r purpti^. As tlie In tes t of the great museiini 
bnlldings of the world it embodies many new and important features- 
Here nre (iisplayed the collections pertaining to anthrojiology, bi¬ 
ology, and geoSogy, and the National Gallery of Art. 

liio number of visitors to the oriffnal StnLthsonjan building from 
1381 to' 1016 Tvas 4,580,932 ^ and to Ui© indu^ial arts building 
7 , 7273732 ; while the visitors lo tlxe natural history building from 
1910 to 1916 numbered 1^835,529. 

Through die gencro&ity of Mr. Charles L. Freer there was begnn 
in the siunmei- of 191G in connection with the Natiomil Gallerj^ of 
Art, the consdruction of a beauti fill edifice to lioiisa the splendid cob 
lection of American nnd oriental works of art presented to the Instt* 
tutiun by ilr. Freer, who has placed at the di^osal of the Institution 
more than a million dollars to defray the cost of die building. 

The iVstrophydcal Observatory k housed in a group of small 
woodeii structures south of the Smitlisoulan adnunistrative bidlding. 

PCTirOisKS AND OBJECTS. 

The SmidisomAn plan of organis^^ation enibraces the two objeeta 
named by the testator; one, the increa^ of knowledge by the addi¬ 
tion of new truths to the exiting stock; the other, the diffusion of 
knowledge, thus increased, among men. No restriction is made in 
favor of any kind of knowledge, and hence each branch is entitled to 
and receives a share of attention. Part of the plan has included the 
formation of a lilirmry of science and art, a museum, a gallery of art, 
aud provisiona for physical research and popular lectures. 

The activities of the Institution embrace all branches of natnnit 
ecicncei, the fine arts, and Industrial arts. It has at all times festered 
progressive scientific research- Since its establiKhment the Institu¬ 
tion luis inaugurated and maintained or has pariicipated m a greut 
number of astronomical, anthropological, biological, and geological 
expeditions and e,tplora£ions in every portion of the world, tcsulling 
in largely increasing onr knowledge of the geography^ the meteor¬ 
ology, the fauna and flora, and the ethnology of all land^, and in the 
acquisition of a vast amount of valuable material for the National 
Museum. 

The SmilliSionian is not an educntioriiii institution of the nature of 
a university with ii corps of professors and students, and yet ita 
educational functions are of the highest rank, for the members of 
its ficientiflo stafl' and its many collaborators are constantly engaged 
in investigations in which students of science in all ita branches 
partici]iate; and the museiim collections and the collection of ani¬ 
mals in the Zoological Park are a cM^nstant source of original infot- 


140 AKNTTAL HEPORT RM1T3S0)«IAV IS'STlTUTlflX, 1616. 

to sp«ci&liFts and to groups of pupils from pitbli*': uiid private 
scboots in Washington and elsewhere. 

The Institution aids investigators by making limited grants for 
re^arcb and explomtion. It advises the Government in mutters of 
scientific importancew It coopemtes with all departments of tlie 
Government and with many scientlfie and historical iiutiona] organ¬ 
izations. 

ACTIVITIKS A.VD A{:HIKtT-:ME.VTS. 

The Regents controlling the policy and conducting the operations 
of tlie Institution have always been men wdl known in public life 
and in the educational and scientific world. 

^Vmong the more than 150 eminent Americans who have guided 
Rmithsoniiin activities in past years may be mentioned Louis Agassiz^ 
the naturalist: Alexander Dallas Bachc; George Bancroft, the his¬ 
torian: Salmon Portland Chase: Ruins Choate; James Dwiglit Djiao, 
tlw eminent geologist and mineralogist; Asa Gray, the botanist; Gen. 
Momgo^ry C. Meigs, engineer; President Xoah Porter, of Yale 
1 1 nitet^ity, Xjicut. Gen. W'iJliam Tecuinseh Gherman; and manv 
other men prominent in science and art and in public atfitirs in more 
recent years who are still active as Regents or patrons or otherwise 
vitally interested in the work of the InstitutioiL 

Under soch leadership the achievements in every branch of knowl¬ 
edge have b«n notable and numerous. The Institution is practicaTlv 
the parent of many of the scientific bureaus of tbe Government Hero 
were begun researches in astronomy, physire, meteorology, geolofi^, 
liot'iny, fisbertes, adation, and other lines, some of which, having out¬ 
grown facilities and means immediately available to the Institutkm 
have been developed into separate Government bureaus, iucliiding the 
United States Weather Rurenu, the United States Gi»)1ogiea1 Siiri'ev. 
the Fisheries BureaTi, the Xational Advisory Committee for Aerfmail- 
tics, anil other F'edcral bureatis, with all of which the Institution enn- 
tiniics in close and constant cooperation. To some of these buremia 
now belong the more economic phases of scieritific work, while tho 
Institution devotes its energies largely to the fundamental work 
researches in the domain of pure scienre. keeping in view, however 
the twaring of these reseoverhes on the wel fare of mankind. 

To Joseph Henry, Secretary of the Institution, i846 to ISTS, emi¬ 
nent as a phymeist, the world of science and industry owes a lasting 
tlebt, for it was he who in great measure made possi^e the electrical 
achicvenicnts of the present day. “ He married the inteuEity maguct 
to the intensity battery, the ({Uantity magnet to the quantity battery 
discovered tbe law by which their union was effected, and’ render^’ 
tlioir divorce impoaaible.'" Tha iutenHity magnet is that which is to- 
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diiy ill use in every UJe:grj4pli 5>-Kti'nn '"Henry's nseilliitiiig rnucliitie 
W 2 is tlio forerunner of ull out iuoclern electrical motors. The rotary 
motor of to-dflj ifi the direct outgrowth of bis iuiprovenieuts in 
magnoLs,^ ITb name b perpetuated in the tem “henry” the unit 
of eleoUle inductance. 

Henry ilLso km iigurated the system of daily meteorolo^cal oliserva- 
tioms^ out of ’n'hidi grew’ the HuUcd States Weather Bureau^ and, 
oa head of the LLghthoiise Boards he i^volutionized tlie methuib of 
Ughihoimo opemtiim mud signalingi 

In I84T the Institution made an appropriation ^for instruments 
and other expends connected Tvith meteorological obsiTviUioryv^' 
The inslrmneuts thus oeenred were dbtri hated throughout the 
country, and within two years tiic volmiieer ol^sorvers rei>ortitig to 
the Institution numbered about lOOi. In I34S> Henry reallsced the 
vuine of the electric telegraph os “a reody means of warning the 
more northern and southeru observers to 1>e on the wjiteli for the 
tlist appearance of an advancing storm,^” and there was inaugurated 
a ^stem of daily telegraphic weatlirr reports, a system which was 
continued under the direction of the Inatitution until the beginning 
of the Civil War^ On a large map in the Smithaomaii building the 
tveuthcr over a considerable part of the coiuiLry, according to re¬ 
ports received at 10 o'clock each day, waa indicated by suitable 
symbob. 

Spencer l''i]l1erton Baird, Secretary, 1S73 to lft37^ noted ns a biolo¬ 
gist, during bU administration tient his energies to increase man"^ 
knowledge of ammal life. He establlslicd the Hnlted States Cotu- 
iiiission of Fiidi and Fieheriesi, now known as the Bureau of FWicries, 
for the study of food dshes and rivwr ami orean fauna, Secretary 
Biiird, as keeper of the Museum, took a deep intert^st in the national 
collections in natural history and other objects, and under his direc¬ 
tion there was erected the ^fuseum building for the exhibition of the 
valuable collections aciiuimi from the International Exlubition at 
Philadelphia in 1&76. During hb administration tlie N'atlonal 
Museum wng rapidly developed under t!u3 direction of A distant 
Secretary G. Brown Goode, and the need for more ade^piato quarters 
soon liccame evident. 

Samuel Pierpont Langley, Secretary'* 1887 to IDQG, won eminence 
by Ins achievements as an a^trouonter* espL'cklJy by bis astropliyaical 
ohaen'ations and discoveHes, imd he became known to the world at 
large tlirougii his 18 years of admlniEtrative service as Secretary of 
ilie Smitlisonian Institution. His fame will also become increasingly 
greater the new strienee of aviation is further developiMj, for to 
Langley belongs the honor of being the first to demonstrate to the 
world, in 1896, the practicability of mechanical flight wddi madilni^ 
heavier than dm air, sustained and propelled by their own power^ 
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and Jm later develfj|jwi and built tW first Dt&n- carrying nerciplane 
ctiliable of sustained free ffiglit. Langley's success aa a pioneer in 
nviation was conunomomtijd on the Column of Progress at the 
Piniaina^Vific International Exposition by a tablet bearing the 
inscription: “ To commemorate scicnoo's gift of aviation to the world 
throngli Samuel Pierpont Langley, an Amertcnn.” 

It was 1 rof. Langley wlio, in 1SQ9, inAiigurated a general system of 
standard-time distribution to various cities and railroads, n system 
which in 1885 hud extended to 4.713 miles of railroad and is now 
Universal thn>ngbou£ the co[mtrv\ 

Ho deiised that most delicate instrument—the bolometer or elec¬ 
trical thennometer—hy which changes of temperutnre of Itss than 
the Imudred-miUiontb of a degree centigrade are measured, and by 
special installation differences in temperature amounting to on^ 
billionth of a degree cun be detected. Langley's investigations in 
radiation include (a) the distribution of radiation over the sun's 
surface and in sun spots, (fj) the solar energy spectrum and its 
extension toward the infra red, (c) the lunar energy spectrum and 
the temperature of the moon, (tf) spectra of terreatrial sonrera aiul 
determination of hitherto immcnsured wave letigtlis, and (c) the 
absorption by tlie earth's atmosphere of the radiation of tlie gun and 
the determination of die solar constant of radiation. In each of 
these lines of research impoi tant discoveries were made by Langlev 
and since his death the work Ims been greatly advanced tbrmigirdjJ 
present director of the Smithsonian Astrophysical Observatorv TV 
tlMirles Greeley AbUit. " ’ 

It was during the administration of Secretarv* Langley that the 
Xatioml ZoologiraJ Park, largely the outgrowth of investigations 
on living ajiimnb Under the direction of Assiijtant Secretarv <4 
Brown Goode, was foundwl, and during this period thcro was l^m 
tlic erection of the present great structure for the natural liistorv 
rallections of the National Sfuseum, u building (ilanncd under the 
direction of A-aistaut Sccretarj' Pichard Bathbun, who had made 
careful studies of tlie princijial museums of the world. 

Charles DooJittle Walcott, the present Secretary, a geolomst nniT 
paleontiilogist, began his administration ns Sccretaiy of ths'lnstiin 
tion in IW, having been connected with the Museum as an honorary 
officer of the departmoiit of paieontology since 1882. Prom 1S88 
to 1«07 he held various positions in the United States Oeoiosical 
Survey, being its director from 1894 to 19(17. His special studfhas 
been Cambrian geology and paleontology, and he has recentiv ^le 
ceeded in bringing to light evidences of algnl life in the pre*C 
hrliin Algonkian sediments, as also the discovery of most deli'*^ 
examples of fossil holothurians and medusse in'SOddlo Cambrian 
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hiine. His jiubliciitiuus buv*) Lccn voluminuns in nil pliascs of liis 
spL*ciiilty, 

Diiritip hlfi ndniiniattiition the untural hifilory iind linc'arts coUeo- 
tioDs hiive been brougrht to ti liigli stulns. The Institution bus cojum 
into veiy close ulHliation Tritli a number of research corpomtions 
anti sck'ntLfie Ixidics through bis oflieial rulutioa in their dirflctor- 
Bliip, He has taken deep interest in the promotion of the art of 
aviation, being largely instrumental in the estnblishment by Con- 
giTJss of the Nutionul Advistwy Committee for Aeronantics, having 
ns one of its primary objects the bringing into close coordination 
of the Army and Xav-y and other branches of tiie Govertunent and 
private intcj-esta engaged in various lines of ueronautinil research. 

A prominent tlepartmeiit of activity tbi'uughout the hi^ory of the 
Institution has been the scientific exploration of regions imperfectly 
known, particularly in Korth America, Expeditions have been 
fitted out under the Institution’s immediate direction anil others 
orgunisied Lv private enterprise or by Government departments 
have Imm aided by counsel and instnjcuone. The geological work of 
the Mexican Boimdarj' Survey, the Colorado expeditions of Lieut. 
Ives, explorations to the Tcllowstime, and many expeditions and 
explorations in Alaska, in the Arctic, in Africa, in Siberia, in South 
AnreriCB, in China, m Tibet, and el^wherc have been more or less 
intimately related with the Smithsonian Institiition, 

The numerous and important services rendered to botanical science 
have greatly increased knowledge of the flora of little-known regions, 
cspcciiillv in the south and west of this coimtry and In Mexico, and. 
as n resiilt of numerous itii-estigiitions and sur^-eys, there has been 
brought together in the Institution ihe groat Xittioiuil norbnrium of 
wore, tliun 1,000,000 specimens of the flora of the United btates and 

foreign lands. ^ 

Roccntly the Institution lias acquired a three years’ lease of tbs 
Cinebona BoUiniffll Station at dumflim, comprising about 10 nnva 
of hind, with officts, lalmnitoines, and other buildings, for the fur¬ 
therance of onr knowleilge of West Indian botany. Assignment of 
botanists who desdre to prosecute studies there are made on the recom- 
mendation of organizations which have cooperated with the Institu¬ 
tion in securing the use of this important field for botanical investi¬ 
gations. _ . 

ITiid^r tlie auspices of tbe Institution an4 m cooperution with 
E^venil depaTtments of the Governments there hflss been a intjst thnr- 
tmgh biologicail tind geoloi^Cal survey of the Panama Canal 
t^^ltinfT jri a great aihlition to the know'letlgfl of the fauna and flora 
and tbe geological history of that region. 
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As Kill Eiid to of nmi'ju« life+ the liOitiLutJuii for st^vcrsil 

yviivs liEis miiinUiiikeJ n l4iblf^ at ilje Naples Z€X>lu^ii!il Stsilion. The 
use of liifi tiible for sLatcH.1 t>eriod6 has been accorded to a large ouni- 
Jjcr of investigutors on the reeDnimcndation of a wjiuiiiUce nppolnted 
to lid rise die In^dtution ns to die quail heat ions qf applicants for the 
privilege of using the facilities thus afforded for carrying on tlieir 
reseaiches. 

Many sMJologicai exploradons have likeiviKe been carried on or 
aided by the Institution. Through the influence of the Insiiiution 
notunilists or collectors were attached to practicoily all tiie imjior- 
iant early faurvey&by the engineers of tba United SiAies^ Arniy^ and 
the vast collections thus brought together have, in the main, Wn 
studied within the walh of the Smltlisonian buildings and die 
natural histoiy results made known through Smithsonian publj- 
cationsL 

An important feature of the Institution's aedvicies hits hren its 
purticipation in the many Lntematinnal eixpositions held during tlie 
last forty yeais in the United States and Europe and nuniorous 
medals and diplomas of commendatory imturij bare been received for 
the e.vhibits displayed on thesj*) occasions, illustmtive of the work ul 
the Institution and of tbe resources and indusiric3» of the country and 
the customs of its iieople. 

In tiic interest of general education, particnkrly in nntural his- 
lory and miiienilog}% it has been the casLom of the Institution to 
distribute to schoob and colleges throughout the countrj' such dupli¬ 
cate material as could lie fqiareil froui the Nationtd collect ions. Those 
sjitTiuiens are fully laE»c1ed and have aided Instruction by 
inenting textbook infomiution. 

A large addition to the Smithsonian fund wa^-made in l^DI when 
Thonms G. irodgkinB, of Setauket, N, Y., presoutetl $200*00<l to 
the Institution. Tlie donor ’kvas deeply impressed with tiie im- 
portance of a careful stutly of iitmosplieric air, and stipukted that 
tbe inrome of ¥il00*000 of his gift should be devoted to the iJicrease 
and dillusion of more exact kimwdeilge in regard to the nature and 
profvertkB of atnuvipheric air in connection with the welfare of man. 
lie indicated his desire that researches 1>0 not limited to Eaiiiturv 
science, but that the atmosphorc be considered in its widest relation¬ 
ship to all branches of science, referring to the exiierinientH of 
I'nihklih in atmoff|Aeric electricity and the discovery of Ikml li^rt 
in regard to the lulluenco of oxygen on the phenomena of vitality 
germane to his foundation To stimulate researches in thc^ 
directions the Institution offered a prkc of SlP^OOO f<n* a paper 
embtdying some new and important diiicovcry in regard to the 
nature and properties of atmospheric air, which was awarded in 
imt to Lori) Rayleigh and Prof. William Ranisay, of I^mdon, for 
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the tliscrtvery of iirgon. n new elcmeni in tiift atmosphere. Another 
prize of $1,000 for the best popiilflr trentUe on atroofipheric air ^as 
aftaMerl to Dr. Hent^' de Vaiigny, of TarU, from ttiiicnig 223 com¬ 
petitors in the United St,itea, France, Germany, F*nglnnd. Scotlimd, 
Ireland, Italy, Knssin, Anstria-Htingnry, Norway, Denmark, Fin- 
lutiJ. Bohemia, Bavaria, Scniii, t^witzerlnnrt, Spain, India, Canada, 
Mesico, and Argentina. NiiiBorons investigations on the ** composi- 
tinn of expired air and its effects upon animal life,” in ** atmospheric 
actinometry,’' the “air of towns,” “animal resistance to disease,” 
“expfriniiTita with irniizud air,” “the ratio of speeific heats,” ntid 
kiiuired topics have been carried on with the aid of grants from 
the Hodgkins fund. Kesoarchte have likewise been aided in enn- 
neetion with the tcniperatnre, pre^re, radiation, and other fenturoa 
(if the atmosphere at very high altitudes, and many (ither lines of 
inveKtigation hava been carried on, through all of which it is believed 
that vjtlimhlfl knowledge has been acquired by which the welfare 
of man has been advauced. 

TIOIWKINS AND LANOLKT MKDALS, 

The Hodgkins gold mcdnl was estabUshed by the .Smithsonian In¬ 
stitution to be a warded for important con tribut!ems to the kno wledge 
of the nature and properties of atmospheric lur, or for practical ap¬ 
plies tions of existing knowledge to the welfare of mankind. It was 
Jir.Hi bestow’cd April S, 1893, on Prof, rfames Dewar, F, K. S., and 
second. October 20,1302, on Prof. ,T, ,T. Thomson, F. E. S- 

Tho Langley medal was catabludied in memory of the late Secre- 
tan' Samviol Pierpont Langley and his contribiitions to the a'ienco 
of aerodromics, “to be awarded for spetially meritorious investiga¬ 
tions in connection witb the science of aerodromics and Its applicn- 
tiotl to aviation.” Tliis medal was presented in 1910 to the brothers 
Wilbur flcud Orville lVri|^it, and in 1018, to Mr, Glenn H, Curtiss and 
MonsL Gustave Eiffel, 

PraLICATIONS ANT> EXtm.vyflKS. 

The “diffiisian of knowledge,” which, next to its “‘increase,” was 
sfj pmmiueutly in the mind of the founder of the Inatitulionj was 
provided for in the program of organiitation, submitted by Secre¬ 
tary Heniy to the Board of Eegents in 184T, b}* a system of several 
i-eries of publications constituting original contributions to knowl¬ 
edge, accounts of scientidc explorations and investigations, and 
papers recording the annual piogrea* in the field of science, which 
are distributed gratuitously to important libraries througiiout the 
world. 
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The piibhcations have been nnmeroiis and mcUide niiniy important 
and authoritative works. There is no restriction as to subject; they 
consist of matnoirs upon aeronautics, archeology, astronomy, astro- 
pbysica, ethnology, botany, zoology, geology, paleontology, meteor¬ 
ology, magnetism, physics, physiology, philology, and many other 
BtibjectB, Tile several series comprise (1) The Annual Report of the 
Board of Regents to Congress with a general appendix of papers 
illustrating progress in a wide range of scientiBc branches; (S) 
Smithsonian Contributions to Knowledge, begun in 18.^0, in (jnarto 
form; (3) Smithsonian Mhicellaneotifi Colloctiona, In octavo; (4j 
Harriman Alaska Series, on the results of the scientiSe expedition 
to AlnshA in 18D9; (5) Bulletin of tlie Kational Museum, inoluditig 
Contribiitions from the United States Kational Herbarium; (G) 
Proceedings of the ^’'ati(Mlnl Museum; (f) Annual Report of the 
National Museum; (S) Ajmuai Report of the Bureau of American 
Ethnology; (f>> Bulletin of the Bureau of American Ethnology; 
<lh) Annuls of the AstrophyEical Observatory; and (11) a number 
of special publications independent of the above series. 

There is also communicated to Congtes through the Seendary nf 
the Institution the annual report of the American Historioil Asso* 
ciation and of the National Society of the Daughters of the jVmerican 
Revnliition. 

The complete collection of Smithsonian publications ntimbers 
about 450 volumes, aggregating more than 200,000 printed pages!, 

Sinea it would be impossible through the limited funds of tlie 
Institution and printing allotments by Cungn^s to meet the great 
popular demand for Smithsonian publications, they am nceessarjlv 
almm* entirely diirtributed to learned institutions and important 
public libraries, where they are available for general reference. 
Through this distribution there developed a system of cxchango of 
Smithsonian piibLications with those of scientific and literary socie¬ 
ties of the United States and of other parts of ihe world and n 
general interchange of pubHctitions of American and foreign inKtitn- 
tions, which has ooime to be known as The Smitlisonian Internationai 
Exchange Service, In 1880 a treaty was made in Brussels last ween 
11 IP United States and a niinibcr of foreign countries providing for 
the intcrchafign of their governmental, scientific, and literary piibli- 
cations, and the work of carrying otrt its provisions in the United 
States was intnirterl by Congreas to the Smithsonian Institution. 

Under wrtain regulations the Institution accepts from correspond- 
eots in thiscoiintty ptihlicatiom! intended as exchanges and donations, 
and they are idiippcd by freight, at intervals not ext-wding a month 
to about 150 distributing hureaus or agencies abroad, which in turn 
receive from cornspmdcnts in their countries and forward to the 
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SmithsoniAn lust i tut ion, under certaiu rules, publicntions adilresscd 
to Instilutions bi the Unb&I and territory subject to its juris¬ 

diction. This service handles annus Hr from 300j.000 to 350^000 pncb- 
pg r»g^ weighing upward of lialf a million pounds. Through it^f 
operation the national collection of books in the Library of Con¬ 
gress has been greatly increased* 

SMITHSONIAN LTBRAIIT. 

The acctimiilntion of sl scientific library has btperi nn important 
phase of the Institution's work in the ^‘"diffusion of knowledge^’' and 
the collection has increased in size from year to year, until at present 
it numbers well over half a million titles. 

The main Smithsoniun library is assembled in the Library of 
Congress, and is known na the SinittLsoninn deposit. TbTs collection 
consists chiefly of transactions and memoirs of Icamed institutions 
and scientific societies and periodicals relating to science in general 
brought togetlwr from all parts of the world on a systematic plan 
the middle of the last century. The National Jliificum and the 
library of the Bureau of American Ethnology also maintasn large 
special libraries, and there are libraries connected with the Astro- 
physical Observatory and the Nationnl Zoologicol Park, besides mnw 
35 BpeciaJlzed sectional collections located in various oRicis for the 
use of the scientific staflf of the Institution and its branches. The 
f^mitlisonian office libraiy contains a collection of l>ooks relating to 
art, Mie employees’ 1 library, and an extensive aeronautical library, 

INTRUNATIOXAL CAT.\TX)OtrF: OF SCIENTIFIC EITEnATirRE. 

The Smithsonian Infditntjon directs the work of the I^nitOil States 
Bureau of tho Inter^iational Catalogue of Scientific LitcmUim, 
which is one of 33 regional bureaus in various countries engaged in 
the collectings indexing, and elassifying of scientific publications of 
the year* The classified references are forwarded to the central 
biireatj in London^ whore they are collated and published in a series 
of IT annua] volumes covering each branch of science and aggregit- 
ing about S,00(l printed pagesL These volumes arc sold at an annual 
subscription price of chiefly to large reference lihraries and im¬ 
portant scientific institutions, tJie proceeds covering in part the ct>st 
of publication. From 1901 to the bureau at the Smitlrsonian 
lustitutinn forwarded to London about reference cards to 

publications issued in the TTnitcd States during that period* 

A plan for a work of this character was propoacitl aa early qb 1S55, 
when Secretary Ilenty* of the Smithsonian In^itiition* called the 
attention of the Britijdi AB^brinti for the Admucemont of Science 
to Hie great need of on intematiuiml catalogue of scientific: works. 
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In iSfi" tlie Rtiyn! Society of London published its wdLknown 
CtiUilogne of ii;ieiitilit Papers,'* and the Smithfionian Iiwtitutiira 
Ims from, time to time issued catalogoea of the literatnro of special 
branches of sdence. In 1934 the Ro>-nl Society invited the Govern- 
nients of the world to send delegiiites to a conference to be held in 
London in 183ft. At this and the following conferences in 1893 and 
1000 ft plan TV'fts formulated to start the work with u classified siib- 
jcct and author cntaloguo of ull original scientific Hteratui'ej begin¬ 
ning w'itli J Etiimurj* 1,1901. 

Tilt! fNlTKD STATKK NATTOJJA!. MUSCKM, 

By tlio act of 181ft tlio Smithsonian Inctitiition niis made the cite- 
liHlitin of the national collections in both nature find art. S lie 
Museum bmiich wat^ definitely organized in ISftO, tlic title “ I . !3. 
Xiitional Museum” lieing authorUativcly given by Congress in 187ft. 
During the 11 rat few ycLsrs csiieiises of the ^luajum weru wliully met 
from tile SmithEontnn fund, and it was not until ISiS that the Gov¬ 
ernment began to provide entirely for its maintenance, tUb being 
done through unntial appropriations by Congress. 

The Museum fitaff includes tJie Btwretary of the Institution us 
keeper eTC-oilicio, the assistant secretary In immedinte charge, the 
ndministnitive asdetent, tlnw head curatora, and alfont 50 curators, 
asdstuiil curators, custediaufi, and aids, besides nitmy clerks and 
other employee.^ 

Four giiueral divisions are PeoogniKcd; (1) KaLural history, in¬ 
cluding etiuiology' ttud archeology; (*2) the fine arts; (3) the indus¬ 
trial arts; (-I) history. 

The divnsioii of natural history is divided into three departinents, 
biology, geology, and anthropology. The collections of natural Ids- 
tory have been received in greater part from Govemment surveys 
and explorations, and are richest iu material from North America. 
Many other parts of the world ara also well represented in one sub¬ 
ject or antAher, e^cinlly Central America, the Philippines, Ma- 
InVbda. tttid soma portions of Europe, Africa, and South America. 
The deep-water zoological collections from both the Atlantic and 
Pacific Oceans are the most extensive and important in existence. 

Among imiiortant early sources of collectiuim may be mentioned 
llie United ^States Exploring Expedition nf 1888 to 1844, the Perry 
Expedition to .Tajam, the North Pacific Exploring Expedition of 
the Navy, the railroad and nsigon-raud surveys by the Army in 
fonncctiou with tlie opeaiug up of the far West, the Canadian and 
AU'xican boundary surveys, certain geological explorations, and the 
work of tlie const survey in Aloeknu waters, besides many expedi¬ 
tions organized or assisted by the Smithaouian Institution, Of more 
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jx'ccnt date ait) tUe iiivcstlgutions of the Bureau of Fisheries, the 
treological Siirroy, the Burena of American Ethnology', and the 
Bureaus of Plant Industry, Entomology, and Biological Survey of 
the Deijartmcnt of Agriculture. Of private donors, some of whom 
have made gifts of great extent and value, the list is very long. 

The total number of specimens in all hranches of natural history 
I'ccorded to tlie present time amounts to several millions, the animal 
accretion during several years past having averaged a quarter of a 
million sp^imeds* 

Of urts and industries there lire on exhibition extenave colloctiong 
of lirenrms, the most complete in this country; boat nnd railroad 
models, electrietd apparatus, time-koeping and incJisuring devices, 
musical iniArumont^ ceramics, graphic arts, textiles, laces, cm- 
broideries, and col lections in mineral tcdinolugy and in pljolography* 

The growth of the National iln>ciini has heretofore bceo greatest 
in natural history lines, incliniirig primitive man. The develop¬ 
ment of the natural resources of the country and the study of tlio 
American aborigines through Governmeot surveys and explorations 
hnvo oontribnted toward building up coUections illustrative of nature 
and early man that e(|ual if not actually surpass those of any other 
cimntiy. The millions of spedmens and hundreds of tlionsands of 
distinct spccips nnd forms here prescrvetl sorve as the basis for 
ext^ded rescarahes and discoveries. Through cooperation with the 
executive departmeots of tlio Government the Museum collections 
constantly render aid in solving many broad economic problems in 
agriculture, in mining, in hsherics, and in Indian affairs. Unri¬ 
valed conditions are here afforded for die arniugement, care, and 
safety of the Nution’e treasures, for their mu'cstrictcd study in the 
advancement of knowledge, and for their use in promoting the 
interests of public edneution. 

In recent years great advance has been made in the development 
of the department of technology—n Museum of Indiistriol Arts, 
It is in this department in particular that the Museum manifesU 
one of its principal fiinetions. The exhibits are so selected and so 
installed as to teach viators how things are made and what they 
are made of, and not so much Vi*ho makes the best articles or how 
they should be packed to meet the demands of trade. And yet wbilo 
thew coUectiona first of all educate tlie public they also teach the 
manufacturer and therefore are of decided economic importance. 
IVlxite commercial museums have their place for developing trade 
and commerce, and arc of much value for such purpose, the develop¬ 
ment of the artistic tusle of the public through an educational 
Museum of ludustrijil Arts seems of even greater general importance. 
It stimulates inventive skill and advances every art and every 
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industry. TLo exhibits ilUistmting textile uidustry Bml mincnil 
leehnolog)' in particular arc very complete, cunsistlitg of sp«cimetis 
of niTS' materials, mtichiuei^ used m manufacture^ adiI the finished 
products. 

The division of history has liketrbe grently broadened m tecent 
veai-s* Here ere displayed Tnemoriiib of many leaiiing American 
soldiers and sailors, inventors, explorers, and men of science, and 
memorials of important events in American history, A eoUection 
of ixtsiumcs iTom by ladies of the White House during each adniin- 
Istraiion since llflil is of much popular interest Among other 
objects of historic value are large collections of posttige etamps, 
coins, and mednk. 

The Jlui^euiii has been defined as one of rci-ord, of research, and of 
education. As a Museiim of record it preserves the very foiindationa 
of an enormous amount of soientifie knowledge in the many thou¬ 
sands of ty[>a specimens from numerous natiiraj-liistory inve^tigu- 
tions, and these are incrcitsing itipidly as the resulm of new re¬ 
searches and explorations are here iK-iinanently depmited^ As a 
M useum of research tlio collections serve as a stimtilus to inquiry 
and the fcrtindation for further itivcfitigHtion^ The installation of 
exhibits is carefully pliuintd to make the Museum an aid to public 
education. Kvery kind of natural object and every manifestation 
of human thought and activity are illustrated by specimens accom¬ 
panied by general and descriptive labels. Haces of men are ilbis^ 
trated, by groups of figure^! In their native costumes, many of them 
represented in their daily occupations t nuimmals, birds, and other 
zoological spociiuena are eaeli assembled in groups with natural sur¬ 
roundings. In every exhibition hail the educational featnra is con¬ 
stantly kept in mind. 

It is ^ a consultative library of objects,” an agency for the in^rnc- 
don of all the pefjple of the country, ^ and it keeps in mind the needs 
of tho«e whoso lives are not occtipicd in the study of science as well 
as tbo^ of the profcsi^ioual in vc^itigator and teacher.” 

TIIK NATION At. t#ALT-ERY OF AiiT. 

The fDnndation of a Nntitmnl Gallery of Art was conteraplatcii 
noil directed in the net of orgaoiKation of tlie Instiintinu in 
find in the program of nperntion adopted by the Board of Ee- 
gents in IS’IT. It was sevcrid yciire. however* before the gallery was 
III active op-ETiition. The nnti€m!il gallety received very great slimu- 
lue In lOOC through tlie beejuest of Harriet Lane Jolinstun, niece of 
Preridcot BucliDnan: the munificent gift of Mn Charles 14, Freer, 
and the gift of Mr. M'^illinm T, Evans*, dims Isringing into national 
ownership a very rich collection of paintings and other objects of 
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net. Tlic gallt^n" is noAV EidiiiiDistert-d as the depnrtnicnt of Eni; arts 
of the National Mueeitm. 

Tlie coUectiom? <if thi? gallery include (a) painting^s and other 
ofajectE ’n hich had long been in the custody of the Instilutiou; (f/) 
the Harriet I^inc Johnston including a niunber of highly 

interesting and valuahJe paintings iirid ^ulpturos: (€) the ’William 
T* Evons gift of moro than carefnlly solectcfl works by modern 
jVmerican ptiiniers; {d) the Charles L. Freer coll^ion, numbering 
more than 5fi00 items of paintings sculptuiTes, pottery, broriKes^ 
jades, and other works of art? [c) a colketton of 82 drawings in 
pencil, fjcn, charcoal, chalk, crayon, and water color cxectited by 
eminent contemporary French artists, 

Tlie munificent donation by Hr, Fix^r of his collection and pro¬ 
vision for its preserviition is un£iir[>Eissed in this country and m one 
of tile most notable gifts of its dnirsicter in the world"^ history, 
Air. Freer desccilies his cuUection as follows: 

Ths-se several i.'olli’CtloiiR laelaite ^pociniemf of verr widely ecpamteit perintla 
of nrUedc riovctopEiieEst, beidniihia before the birth of ClirEst umf eii^Oni^ to-rlojr. 
No attempt liflB iMien nuide to secure Kpetlmens fteui uiufjiiinatlietrc sourcea^ 
aiy ecillecllpjt bavlh;; beea cnnamKl to AiiiGTieiin sdeI ^islalie seliQuSa, My 
|an*nt iJei^lre Ims Lieen tii unite iiioilerii work wlih meutterploet^ of iNiirtani 
periods of hlj5ih civilization hanDonbots In t^pirltunl iind phsiijlcfd Riijjj^et^tloni 
bA^iiiK ttie poTrer to broaden esthetic calture nnd the grace to elevate the 
banian mlmit 

The original collection consisted of about 3^300 paintings nnd 
other objects of nrt nnd has since Iwn increased to ItejtUH 

including American paintings nnd sculptures, the Whistler collec¬ 
tion, and oriental paintings, pottery, bronzes, and jades from China, 
Korea, Japan, anci other Asiatic countries: 

Mr- Freer retains his collection in his home city until the com¬ 
pletion of tlie building now under confftruetjon in the Smithsonian 
Park, for which ho has placed in the hands of the In^itutioh Iho 
sum of $ljO(XJ,000, 

CUHEAU OF ASfERtO^VN ETIIN'OLOCT. 

The Tlureau of American Ethnology' is an ontgrowib of early 
ethnological itml arclieulngical researchets of the Tnstitution, sinil of 
Liter investigations condiichKl in behalf of the Comtitissioner of 
liulian Affairs to determine the affinities of the various tribes of 
Indians to s^rve as a gttide in grouping tJicm on rcsrrvationSj m it 
was Iwlieved that an effective classification of the trilies materially 
reduced the danger of warlike oiithrente* A vast amount of lin- 
giiiatic nnd bihliogrnpliical information rdatiAie to the American 
Indiana has been published by the Bureau^ and great collections of 
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et]wul()gicfll mnteriul liuvu bwu jr«thenj<,l for tlie untilrupolugitnl 
ikpurtniciit of the IJiLsenm. 

SoTcrnl ycnrs ago there vps begun a series of hundboaks on the 
Aiuerti:an Indians. Thu first of these, in two voliunofi, was the 
Ilnndbook of Aniericsn Indians North of Mexico, containing a do¬ 
se rlptive list of the stocks, confetlcracies, tribes, tribal dirisions, 
and settloinetits, witli sketches of their history, archeology, man- 
Hers, arts, enstoms, and institutions. The afHond series, Handbook 
of American Indian Langnnges, discusses the churactcristics and 
clnssification of the 55 liiiguLstic famili^ north of Mexico and their 
j-elatioQ to ethnology. Further series, indnding a Handbook of 
.Vmcrican Antiquities, a Handbook of Aboriginal Kemains Bast of 
the MiEsisslpiii, and hauflbooks of the Indians of the sevend States, 
are in preparation- Slneo 1^70 the Bnrean has pnblislied tH volnmcs 
of aiiuuid reports and *1- biiIIclins, covering every phase of Aiiierjcau 
Indian life and history. It has surveyed, cxcaratefl, and pnt in con¬ 
dition for pcrmiuient prcscrvatjijn a Dnai1>er of tihoriginal mins in 
Ihe Bouthwestem portion of the country, and is constantly cooperat¬ 
ing with the Dflpurtinent of the Interior and with arthcologiciil 
societies in the work of earing these interesting sites for the Ijonclii 
of future generations. Field o]»rations by the Bureau during nweiit 
years in New Mexico, Arizons, Colnnido, and 'Wyoming have brotipiit 
in light exceedingly interesting aborigitiBl remains that bare been set 
apart as national monuments. 

national ?!OOLOGICAL P.MIK. 

In 1890 the CotigTHis set apart 107 acres in the beautiful Rock 
t'reek \'aUcy on the northwestern boixlers of WHshiiigton City as the 
National Zoological Park, which was founded “for the advaiuxuncnt 
of Eicicnee and the instruction and recreation of tlie people,” and Con¬ 
gress plawd its administration in the Board of Regents of the .Smith- 
sonian Institution. The collecticm of mammals, birds, and reptiles 
numbers about 1,400 individuals, representing some 360 species- Its 
visitors now averugo about 1,000,000 each year, including many 
groups of pdbUc and private school students accompanied by their 
icQchers- 

Among the boildings in the park are the lion honae, containing the 
large cats and other animals, the monkey bouse, the bird house, 
houses of tlie elephants, and the antelope house. There are abo 
inclosurea for lieartt, piimns, wolves, and foxes; pools for sea linns 
and Other water-loving animals, and paddocks for deer, lama, yak, 
tind other mminanls; also many cages for small unitnals. Wild 
turkeys, partridges, peacocks, squirrels, and wEd rabbits wander in 
perfect freedom throughout the park. 
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1* Fught Cage, Natianal ZooLodiCAL PaAK. 



2 ^ SWAH IN Natkjhal ZoQt.qGK;Ai, Park. 
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One of the principal uinis in I'jslabIidling tlic piifk wiis to promote 
the |>resenatIon of races of animals tliwiatene<l vfilii extinction, such 
as the American bison. wJiich once roaroeil in vast herds over the 
western plains and was wpiilly disappearing before the advance of 
taihmds and the ropacitv of hunters. Several bison were securea 
fur the park and have thrived here, and through the efforts of the 
Smithsonian Institution and others the Government was aroused to 
establish preserves in the ll'est where the bison brecrls freely. 

There are several large cages for birds in the park. The great 
“ flight cage,” iSS feet long by iiO feet in width and height, is built 
over several full-grown trees and has a running stream of water mp- 
plying pools for the convenience of the binte, which are mainly 
herons, stolks, cranes, connomits, gulls, and pelicans. 

jVmong the particnlarly important exhibits is a fine collection <»f 
ungulates, or hoofed animals, no less than 30 spwies of wild cfattle, 
deer, sheep, goats, antelopes, horses, and their kindred being repre¬ 
sented, manv of them by breeding herds. Tliere is also a valuable 
rollectinn of N^ortli American water fowl, a s[WciftUy preparwl breed¬ 
ing lake being set aside for the wiM ducks, geese, and snans of this 
continent. 

ASTRf>PnYRlC.Al, ODSERVATORT. 

The Astrophysical Observatory, founded in Investigates solar 
radiation, and in general, solnr phenomena, and has produced a 
complete chart, made by automatic processes, which shows in detail 
the so-called invisible spectrum- The work of this Observatory is 
especially directed to tiiose portions of the energy of the sun that 
affect through its radiation tlie climote and the crops. 

Tivrougli the use of specially designed pyriieliometers nttacbed 
to free balloons, observations have been made of the intensity of 
solar rndintion at various elevations up to a hciglit of more than 
80,000 feet above sea level. Special studies have bren made of 
the solar constant and of the distribution of radiation over the 
sun’s disk. Tlie principal astrophysical work is carried on at the 
oliservatory in the Smithsonian Park in Washington and at Mount 
Wilson and Mount MTiitney in California. On the summit of 
litount WliUney tliG Institution has conslnictcd a shelter for tin? 
general use of observers. Expeditions to varions parts of the world 
have been made for ohsen’otion of eclipses of tlie sun and otlier 

special studies. , . , 

As the result of researches made by the observatory during the 
lieriod from 1900 to lOlfi it is found that the average value of heat 
emitted by the sun is 1.1132 calories per minule per sciuarc ceiitU 
meter, and that the heat emitted in a year equals that obtained by 
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liiiriling four Liimdred sextillion (400',000,000;,000,(KKI,OOn,000,000) 
tuiiB of antlimriio t'ctul. It is found tlint tLet'e \» n vtiriubility in th« 
sun's rudbtiDti, witli a rsinge abiuu 7 per cent irregiiljirly in periods 
of a week to 10 days. Tlie sun's radiation is generally greater, par- 
(ietdorly toward the center of the solar disk, at sun-spot inaximutn, 
though the temperature of the eiirth is generally greater at siin-sput 
minimum. Stniidarrl pyrhelinmeters huTc been recently derived by 
the AstrophysicuJ Olwcrvatory for niei:iaiiring solar heat and are in 
use at observatories in severul parts of the world, and also a pyraii- 
ometcr for measuring the intensity of skylight by day and radiation 
outwanl toward the slty at night Tliese studies are of economic 
agricultural importance as well as of scientific interest 

oniorx or TriT-: ixstititiox. 

James Smithson, of England, a gmdiinte of Oxfonl Pniveraty, 
Ahistcr of Arts, Fellow of the Royal Society, a cliemist ami mineral¬ 
ogist, made his will in 182ft bequeathing his property to the United 
States of America to found the Smithsonian Tnstitotion at Wash¬ 
ington for the increase nnd diffusion of knowledge among men. IFc 
died in Italy in 1$3!). In July, ISS"), the Secretaiy of State was 
officially informed of the bequest, and on Deccmlicr 27, President 
Amlrew tTackson communicated the pajjers to Congress, Tlie mes- 
sikge of the President whs referred to the Senate Committee on tlie 
Judiciary and to a select conunittea of Uia TTouso of Heprosentatives. 
After delilterate discussion of the authority and propriety of the 
UliiteiT States Government to accept such a trust for the purpose 
stated, there was approved by the President, on .Inly I, 19,qft an act 
of CoiJgnviia to anthorixe and enable the President to assert nnd 
prosecute with effect the claim of the United States to the Smithson 
legacy, and Mr. Richtinl Rusli woe appointed agent of the Uniteil 
States for that purpose- 

On Decemlier 3, 18S8, the Secretary of the Tn-asuiy reported to 
the Preailent that the bequest, amounting to $509,318,10, imd \i n , n 
paid into the Trca-Suiy of the United StatesL 

In a message to Congress on December 0, 18,38, President Ton 
BuFcn invited attention to the obligation devolving upon the United 
States to fid fill the object of the Smithson Ijequest, For eight jeure 
thereafter the enhject was under consideration in the Senate and 
House, resulting in the founding of the Institution by on act of Con¬ 
gress of August^ W, 1846, and by law the Smithsonion fund was made 
perpettinlly entitled to an annual income of 6 per cent interest and 
definite resources were tlius assured for carrying out the purpoaes 
and objects of the founder of the trust. Since the original Ijcqucst 
by Smitlison, otlicr bc<iuetfta and gifts have come to tlie Listitution 
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from generous benefactors, varying in aimounts from a quarter of 
a inUlioa to tbe modeat, but none the less acceptable^ sums of a 
tliousend dollars or less, until the total invested permanent fund nov 
D^pgi'sgates ntore than a million dollars, and is gradually increasing 
from year to year. 

In the acceptance of the Smithson lieqnest in 1836, John 

Quincy Adams, in the Uouse of ItcpiesantativcSySaul; 

Of all Oie fUeatlailoM of estaWlBUKwiUs for plcms w oharlHiKo uses, wlilcU 
ever stsnaUscd the spirit of tlie age, or tlio comprehetwlve hoiicficenee of the 
fauiuler, nono mo be nainwl moro deservJmt of Uw npiirwbutloa of maalttoit 
than ibt*. Sbcnilil It bo faltlifoUy ourlftl Into effect, wltb o« cAPnestiH'ss ami 
EBgnclty of appllcsUon, and a sleeily perseverance of pnrsult, priiportlouHl to tl«e 
means furnIsheO by Uie will of (bo founder nmt to tbc greattUMa and simplicity 
of hU deMifti oa by Itlmself declarecl “ iho Incmme and dllTmtlon <it tawwimlgB 
among men," It Is no nstravagaoee of anOelpatlon to declare that bis name 
win bn bereafter enrolled among the cuitnont bcnefacters of niuukhid. 

Eighty years bare passed since Mr. Adams spoke those propUctic 
wordsL The name of James SmitliBon, and the Smithsonian Institu¬ 
tion, which he founded, are to-day known to all men of science, 
and everywhere are held in the highest esteem. 




XEWS FROM THF, STARS. 


By C. (). Atmnf, 

Z>irie'e(Ai‘, A*irophjfM(iHjt Ollt^^r^at^^rp, Smlthitmtmt IinttituHtm, 


[Willi 0 liluto*.] 

Light is the messenger that brings tlio news. Tlifl meRSAge Is in 
cipher, very long, faint, and baitl to read. It tells of ihu materials, 
cl nisi ticn lion, tempenitnres, motions, distance, grouping, brightness, 
variability, mass, size, and number of the stars. 

rTATRRlAr,S. 

Starlight collected hy a telescope b passed through a spectrcuteope. 
Tills forms a narrow bond, called the spectnim, violet at one end, 
red at the other. A pliotogrAph of the spectrum is made, and for 
niosl stars this shows the band of colors crossed by dark lines. 

Suppose an electric arc is made to play between iron poles, and 
its light is sent through the epectroscopc. Instead of a bright con- 
tinitous spectrum with rfffri* lines, ns given by a star, there appears 
iLs exact opposite—a very faint sperirum crossed by Irtfrhi lines, 
especially numeroi^ where the gwen owrurs in the spectrum of star¬ 
light. 

Matched together, one spectrum above ilie other, the bright iron 
lines occur where the dark lines cross the star apet«tr«m. So munis- 
takably is one the reversal of the other that the coinridence seems 
to give proof of the presence of Iron in the star. Probability be¬ 
comes assurance when it is known that under some circtimBtancea 
iron vapor can produce dark lines on bright spectrum grotinJ, just 
as usually found In starlight, and that some stars, on the other hand, 
show briff/U lines on a faint spectrum backgroimd. 

Hydrogen, helium, oxygen, calcium, and many other ejements are 
similarly shown to exist in the stars by spectrascopic examination of 
starlight But not all the stars show all these elements. Great dif¬ 
ference are found in the stellar spectra, and stars are classified 
ac-cordingly. 


iti" 
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CIASrilFICAtlON. 

Au propniffid at Harvard College Oliservatory, the following clas&i- 
5cntion of stellar siwctm has been generally mlopted: Class O 
(Wolf-Rayot type). The spectrum eonsiats of Irif/ht lines on a faint 
cuiitluiioiis baekgroimd. Class B (Orion type). Dark lines of 
helium are si>!iTseljr set on a bright-ground- ClnEs A (Sirian type), 
llydirtgen lines are tuost conspicuous. Class F (ealcium tyjK?). 
Ilvdrogeii lines am still conspicuous, but many lines of metals 
appear fnintlv, and notably two great lines of calcium in the violet, 
('lass G (solar ty])e). Niunerous strong metallic lines occur as in 
sunlight. Class K (sun-spot type). The lines are darker and sun¬ 
spot flu tings ocfiur- Hydrogen lines arc fiiiuL Type M (fliitetl 
type). Titanium osidc fliilings are strong, and carijon flntings also 
well marked- Several (}ther rlnsses arc noted by specialiats, but 
those 111 )ove uumcfl are tlie chief ones (pi. 1). 

Tlie clnssitication of the stellnr spectra is a very important aid to 
research. It is found that rnotlons, position in the heavens with 
i-efcrcnce to the Milky Way, size, teiiipemture, distance, and other 
ehiiracteristics of stars, vary with spectral class. Director Picker¬ 
ing, of Harvard College Oljservutory, has alre.idy done a wtirk of 
high vulue in semiring the s)iectrii and publishing the closaihcatiuii 
of nhotit €-.000 stars covering hnlli the northern and southern hemis¬ 
pheres. Now a now publication is about to be tiiade by Harvard 
College Observatory, giving the dassthcation of tlie spectra of above 
200,IK10 stara, all otiservcil by the Ilari'ard E^nlf, and all e:£aJitined by 
Miss A. J. Cannon willUn the lost four years, 

TKlIl'ERATURES. 

C'old imn does not shine in the dark, hut let the smith heat it in 
his forge and soon it glows red, then yellow, then white hot. The 
hotter the l>ody is the more its spectrum is enriched toward the violet 
end as compared with the red. Exact mathematical relations are 
known to connect temperature and distribution of light in the spec¬ 
trum. AVorkiug on this basis, it is found that our sun's surface 
appears to be at about 0,000'’ centigrade {IO',0OO® Fahrenheit) above 
the meUiug tcmpcmtun! of ice. (See pL 3.) 

By photographic methods Wilsing and Scheiner, of the Astro- 
physical Observatory at Potsdam, in Germany, have assigned tem¬ 
peratures to about 100 of the brighter stars. Tlie results run from 
9,000® C, fiw class B down to 3,000°' C, for class M, varying in fairly 
legiilnr progression. 

Very recently Coblentz. of the National Bureau of Standards, 
working temporarily at Idck Observatory in California, ha^ auc- 
ceeded in measuring the beat caused by the rays of stars so faint that 
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the eye enn swireely ^ iheni. For this piifp<ige the r^ys vrere col¬ 
lected by fi concave mirror of 3 feet rliaiueter and focused on the 
surface of a very delicate electrical tJiemiopile (pi. 3 and pL 4^ fig* *2) . 
This instniment acts on the principle that a difforence of temperature 
lK!tWL*en the junctions of two metals made up into a closed wire cir¬ 
cuity pmluees an electric curnjEt The apparatus used was so deli¬ 
cate that if the experiment couM lx? made in a vacuum ihe heat from 
rays of a candle at 53 miles could he observed* Further work along 
rimilar linos is propofsed. 

DISTA^NCB. 

When fi surrey or measures the dialatiee of an inaccessible object 
he selects two convenient atatioiis and measures their liistanee apart. 
Tjus islmlled tlie base line* 

At each end of the base 
lino he observes ihe angle 
the bnse line makes with a 
line sighted toward tlio 
inaccessible object- Tho 
angl es and the base of his 
triangle being thus meas- 
urodj tho two- remaining 
sides can bo (ailcuLited. 

By atich a process, using 
the eurth^a dJameter, or a 
large part of it, a£ the 
base line* the dislauce uf 
the moon is readily dc- 
terminedy and comes out 
243^ milea* 

Even the length of a diameter of the earth h too small a hose line 
from which to triangulate far the distances of the etam^ Astrono¬ 
mers use the diameter of the earth's orbit round the sun, 
miles, for this, Astronomei^s also take advantage- of the fact that 
very faint stais are umially much farther away (though not invari¬ 
ably so) t!ian bright ones. Thus It comes about that if photogniphs 
of a bright ^ar are made with the same teltiscope at tw^o dates sii 
montliB apart, and exact measurements of the dbtanco of the bright 
star from its faint neighbors are made on I>otb photographs^ a slight 
displacement of the bright star will often Ikc found to have occurr^. 
The angular measure of displacejoeut gives the vertical angle of 
the isosceles triangle of which the base line is the diameter of the 
earth^s orbit, and from these data the ?darie distance is easily found. 
Seen from the nearest sUCj a Centauri, tlie radius of Hie earth's 
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4>rl>it, 03*000,tKK) niil4!4S. subtcndj- im uiij'le *»f 0*T5 secoiidii. Tlik 

b calleit tilt Star's parflllax 

I'p until recently tbe puiulkx kletoniunutions of Elkin anJ 
Chase at Vale Uuivereiiy Observjitciry, by direct eye observations 
with the hcliometer, were regarded ns of tlic highest accurncy. But 
noiT the photographic methtid os worked out »t Verkes Observatory 
hv Prof. Schlesitiger, now director at xVlk'gheny Observatory, has 
come to be preferred. This work b being pushed by Director 
MitchrU, of Leantler McCormick Observatoiy, niul is also occupying 
a prominent place on the program at several other ribscrvatoriea 
where large telescopes are avaitahle* 

AUc»gethi?r less ilian 1,000 star distances hove been measured. It 
is a slow, teilious work, often disappointing, a Centauri, the nearest 
star, except the sun. is at 26,000,000,000,000 miles, while the sun is at 
only 03,000,000 miles. 

Mlien a measureinenl indicates that a star is at 9,000,000.000,- 
000,000 miles or more (parsHiis 0-01 seconds) it is the same as saying 
that the stur is too far sivay for its distance to be determined. It 
may lie ten or a hundred times as far as the measurements indiCRte. 
This is about the averagu distance of the faintest stars visible to tho 
naked eye. Tlie great majority of tdeecopic stare lie beyond this 
distance. If observers did not choose stars expected to be reliitively 
near, most of their resulta W'ould come out thus indetermimtely, 
Plven as it ia, a great number of measurements do come out in this 
disappointing fashion. Unless some better method of investigation is 
diacovered, measurements of individual star distances must over bo 
in this unsatisfactory state. In treating of star moLiiUis ive shall 
how our knowdedgv of tlie overage distances of certain groups of 
stars bus been extended.’ 

itOTIOXg. 

About the year 1760 the English astronomer ro}'Ql. Bradley, ob¬ 
served the positions in the heavens of 3,992 stars, Bradley's stars 
and many others have been observed often in more recent ye,arsL Al] 
the best work relating to about 6,000 of the brighter stars was com* 
pared and reducetl to a homogeneous system about the year lOlO by 
the late Prof, Lewis Boe& of the Diitiley Observatory and Carnegie 
Institution. 

From Boss's work the proper motions (so called) of these stars 
were accurately determined. Alt stars, lududlng oiir snn, move 
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tacli M’itli Mb' own rate am! dinnitinii, so Hmt at llif) cud of a czontiiry 
tliB eonfiguratiun of tho hciivens ia not fpike the same n& at ita begin¬ 
ning. These ^proper niotion^"* mnge from 810 seconds of arc per 
century down. (A second of are h about the angidar width of a 
telegraph wire as seen at diAtance of a half mile*) The Tost ma¬ 
jority of etahave a less proper motion than iiO seconds per century* 
Proper motiom are observed as angles mvd can not be ejcpressed 
ill miles per second without other in for mat ion. We see only the 
component of motion ut right angles to the line from tlie earth to 
the star* If a star is coming directlj" toward it lias no projwr mo¬ 
tion, though its real speed may be very great. Near stars have 
greater average pro|M?r motions than di^sni on<^ just as# men walk¬ 
ing on the fitlicr side of the street apparently oiitdistan«a; tlniae a 
block away. Two tliiiig^f besides proper mot ion are therefore needed 
to dclermino the real mol ton of a star^ namely i iliF;iaiiias urifl the 

imglo its re:il iiiotiou makers to the line of sigiiL 
Fortunately, the spiHrtroseope can help in this matter* AUliough, 
as stittcd above, the chomicul ekments are dif^covereJ in stars by the 
reversal of their spectrum lines, careful Tneasurement eliows that 
the poinitinns of the stellar lines are slightly shifted* either toward 
the red or toward the violet* wkh respect to the brij^t linos of tlm 
roiisparison spoctnsm of a metaL Doppler predicted this cfTcct nearly 
a half century before it was observed in ^arlight It depends mi the 
motion of the star in the lino of sight* 

Light tmvelis by waves- Violet liglit has mors waves par ajecond 
than red* If a star is ajuproaching. its liglit to have more waves 
jier second becaUE^ the star's motion is added to that of light, and 
hence nil the spectrum lines nix shifted Inward tlio violet* The lines 
are shifted toward tJie red for stars that jux receding. From the 
amount of the diift the actual rale of approadi or recession of the 
star may be found. Xaturally, a suiall correction must be made for 
the motion of the euiih on its a:sis and its motion round the stin* 
Wo tlien have the actual rate of motion of the star to or from the 
sun. It is 3 very valuable thing about this kind of iiieiLgurenLent that 
if unty a star is briglit enough it makes no clifference at all in tho 
accuracy of the detenoinatjon how distant the star moy be* This 
imfoiiimatelj Unoi so with proper motioofl. 

As the sun has a motion of iU own, which Sir William H&rsebel 
rightly concludes] in the year 178S is toward the northern ccmstellft- 
tion Hercules and not far from the bright star Vega, all the stellar 
tiiotiona, of course, appear to be airecleH by an equal motion to that 
of the 5un but in the opposite i(irection* 

Director Campbell* of Lick Obscrvatoiy, has recently published 
a collection of the so-called '^radial motionfi’^ of nearly *2fi00 
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ru^jidting from his csnipaipii of spcctroBcopic obscn ing in lioth tlis 
Northern luid S(»tithern Hemisphere#, begun about tlie year 1S9S, 
From this work he hods the sun to he moving at about 10,5 kilome¬ 
ters (12 miles) per seeoud in its course among the stars. 

Rapid progress is being made in measuring the radial motions of 
the fainter stars at Mount Wilson Solar Obscrvatoiy. Tlio GOdneh 
reileetiiig tdeseopo there has been employed, under the direction of 
Dr. \y. 5, Adams, for this purjjose since 1910, end tlic new LOO-inch 
reileciing telescope also will soon be available. Other great rellectors 
are Iwing prepared for Canada mui for Argentina, and will doubtless 
be joined in this work. As it is a slow business ut best, ohservets of 
the nidiiil motions of the fainter stars will generally confine their 
measurements to wliat ore termed Kapleyn s selected arena. 

Trof. Kapteyn, of tirooingeti, Tlolland (who has just been deco¬ 
rated for his tistroMomical work by tlie Kmperor of Germany with 
the Prussian order Pour to Meritc, at the same time with n group 
of generals, marshals, and kings), has been engaged for many years 
in a general stmly of the motions and distant of the stars. His 
studies are cuntluually thwarted by lack of information about the 
fainter stnr^ which are so numerous that they will never be all 
observed individually. Hence Kaptcyn has proposed that attention 
be devoted to 206 selected areas all over tJio sky, each, alamt It 
degrees ^uare, so toat samples of the stars so chosen may have 
their positions, motions, brightness, distances, and spectral classes 
ilvtcrmined within a reasonable time. The distances will always bo 
the weak point, but progress will be rapid along the other Hnc®. 

Now, let us sec how knowledge of proper moliom?, radial motions 
and dislanccs can l» combined when all three are known, as in tho 
case of a few individual stara From tho distance and proper 
motion together we leai-n that the star appears to move at right 
angles to the line of sight, at a certain rate in miles per second. 
The proper motion also indicates in which direction this cross motion 
is taking the star. The spectroscope indicates that the star is 
approaching or ret'oding at a ceiiain rate. By combining the two 
components—tho iipparent cross and radial motionsr—the actual speed 
and direction of the star’s motion liecomes fully fleterinincd. Apply, 
ing nest a correction for the known motion of the solar system the 
S,tars own la’culiar motion with respect to the whole svstem of Itnrs 
b at length foimd. ‘ ^ 

STAIt OROL'PtNO, 

As the distance is so weak a link in this chain, several devices have 
been employed to strengthen it, and these depend in one way or an 
other on stor grouping. First of all. there are a good many pairs 
of stars which have been shown by telescopic observation^ to be 
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revolving nbout their rommon center of ginvity. Spcct»tJfico|uc de- 
term j rations of nidial riiotioD for midi telescopic double give 
&iiflicient additioniiil information to yield xis their difetan<m 

ISccondlj^ there arc a number of large groups of fctan?t of 
which have been found to have their peculiar motioiig ull toward a 
single eon verging point. If the reader w ill etaiid sit one end of a 
lorig corridor and I<K»k down the four comers of it cts they stretch 
awny from him, or^ still better, will hxik from the back of a tniio 
at 11 long, Etniight stretch of railway, he will see at ont^ that this 
convergence reSLlly means for these stars thiit their motions are ntl 
paniUeU TliiiS could only happen if the stars were iiU of a single 
flock, moved by some ofjmmon cause in the same dii^ion. Finalty^ 
as these stars have l?een moving since a time linnu fmiratfftj long ago, 
they would not now have been seen in llie aiiue part of the ^ky if 
their siiceds were uiieqiiaL Such a gi^nip, therefore, cimwisba of 
moving at e«iual speed.^ in pa m il cl patliis. 

Yet their proper motions are unetpial. This is because their dis¬ 
tances are unequal. If now the distance of a single ono of these 5 dai^ 
can be determined in some way^ the distance of every one of them 
whose proper motion is known follow's nt once* 

But the great oxtenaloo of knowledge as to star distunces comes 
w'ben stars are elajssifiecl according to proper mtilion. C onsider a 
large number of stars of equal proper motion. It k to bo supposed 
that generally (apart from special groups like tboiiG jnst iiieiitione4l)i 
their real motions will be at random in space, and Ibougb some w'lll 
be moving squarely across the line of sight and showing all of their 
real motinnT others moving nearly along the lino of sight sliow ing 
but little of it, tJie averages of all proper motiom will be approxi¬ 
mately two-thirds of the average real motion^ The same is of course 
true for large groups at two, four, or any number of times sniuller 
average proper motion than the group first considered. Tlieir aver* 
age real motions will aleo be approximately Z/2 their average proper 
motions. 

It is farther to be supposed that the average of all the real mo¬ 
tions in each of these large jgToiii>s of stai's is the same^ whatever 
their disUinco from xin- We may at least iidopt this hypothesis for 
tack of knowledge to the contr^r}". If sn, it follows at once tlmt a 
large group of stai's whose mean proper mrjtlon h one seomd is twice 
asi far awny on the whole ns a large group of stars whose mean 
proper motinn is two seconds^ 

Prof. Kupteyn bus carefully compniTfl al! the known distances of 
individual gtaris with their proper motions, and has coiL^idered also 
in this comparison certain other data, especially briglitness. In this 
way he has worked out a formula by which one can determine the 
average distances of stars of different mean proper motions, and thus 



16^t ASJfUAL MKtt'HT iXSnTLfnoif, lOlfl. 

we esaipe from the limitations impused by the conipnmtive mrnger- 
ness of oiir knowledge of individual stdltir distances. Aeconding 
to IvHpteyn's formula, tlie vest majority of the stars are so far a^vay 
that it takes light thousiinds of years to votno to the earth from them, 
though light travels i^,t)00 miles per second. 

Retuniing now for a moment to the consitleratioa of star motions, 
we understand at once that, just as the mean proper motion of n 
largo group of stars corresponds to two-thirds of the average real 
motion uf these stars, so the mean radial motion of the group is 
Hcttijilly apjiroxitnaU'ly two-thirds of the average real motion. 
Director CampWll has in this way worked out the average real 
motions of stars of diirerent njiwtral chtsses, and Prof. Boss also 
has done the ttfirne, basing his result on the mean proper motions nnd 
iiieaii prnhnhlc distances. Their resulta ni'c in very dose ngreemenl. 
Both titid fiiir sun to be tnoving a very little slower than the average 
of all stars i)i tlieir lists. 

WhcH, however, the stellar motions aru urranged by apw'trjiJ 
dnsses tliey find the B shirs moving slower, oUier daasea faster and 
faster in a Bomowhat regijlsr progivisifioii up to the M elasa stars. 
Quite recently Adams has eAtendod this investigation to fainter 
stars, lie finds these tlilTerencvs of sjn-ed iKdwecii spci-tral dosses 
not so great as found by Boss and Cniuphdl, and the average speed 
of the fainter stars also lefiR, It inny he that the brighter etiire, 
licing relatively near us. form a special group, not quite representa¬ 
tive of all the stars io the universe. 

The greatest coneeption in regard to star grouping is that of 
“star strenming,” recently worked out by Kapteyn and by Edding¬ 
ton, of the University of Cambridge, England. They find that 
when the proper motions of the stars are cleared of the effects of 
solar motion the remaining so-called “peculiar motions^ of the in¬ 
dividual stars, while they go to some extent at random, plainly in¬ 
dicate the governing influence of two great streams modng oppo¬ 
sitely. If wc cottld collect al! the stars at one point and,endow each 
of them with lts“ peculiar motion ” just as it has l>een observed, then 
at the end of a century the stars would have stretched out, not into a 
sphere hut into nn ellipsoid, owing to the influence of the two s^r- 
streanis. This grand phenomenon is attracting deep attention from 
astronomers to-day, and will undoubtedly play a great part in future 
studies. 

BniGBTN'ES-S .\N*D VARlABlLITr. 

Stars look hardly ns bright jis the lii-eflies of a sunjinBr night, but 
in reality they glow like the BUn, and seem faint only because far 
away, .►Vstronomers speak of “ m,^gnitudes and of “ abtsolute niag- 
nitudes.” Tlic first gives the relative briglitness of the stuHi as 









of tjtQ«s 9 $ much light as does the sun. On th« other hand a 
number of ^ars give less light tluui the sun. 

Measuremeiit of brightness is called photometry. A i*ery large pr(»- 
gram of alellnr photometry has been done onder Director Pickering at 
Harvard College Obecri'fltoi^. Many stars ere foimd to be of vari¬ 
able brightness. It has been shown lately by the Smifheonian observ¬ 
ers that even the sun is variable through s range of about 10 per cent. 
But most of the known Tariable stars vary much mol's widely than 
this. The cause of the variation is cow known to be, in many but not 
oil cases, the piesence of a companion star eo near the primary star 
as to be indistinguiehable by the telescope, but discoverable by spec- 
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they aem to us to be, and the second as they would e^m if all were 
equally distant. A ditferenoe of a magnitude means a1>oiit 2i fold 
in brightne^ and five megnitudes IDO fold. Thus a star of sixth 
magnitude, which can just barely be seen 1^ the naked eye, under 
best conditions, is 100 times fainter than stars of first magnitude, 
like A1 debarsn, which is among the brightest. On this scale our 
Bun is of —magnitude, 

But on the scale of absolute magnitudes our sun is only an aver¬ 
age star. If remoi'ed to Aldebnran’s distance the sun wontd seem 
a fifth magnitude star. Some bright stars Like Rigcl. Canopus, and 
r>cneb give thousands, perhaps hundreds of thousands or millions. 
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troscopic studies td mutioti in Uio line of sight As the two stai^ re¬ 
volve nbotit their common center of grHvity they altemntcly eclipse 
each other as seen from the eurth. Of course the eclipse i-juy bo 
either totJil or partinl. uccurding to the relative sizes of the two stars 
and the iuclination of their orbit to onr line of siglih By a careful 
Study of the vnrliitloti of brightness of tlicso objecta it is possible to 
fix the period of revolution, the relative size of the two stars, the iti- 
dination of their orbit, and other data. This brandi of astronomy 
has been much investigated at the Observatory of Primjeton Univer¬ 
sity under Director Russell, and a most intertstlng publication of the 
results bus just been made by hie pupil Sliapley, now at ilount AVii- 
eon Solar Observatory. 

- MASS AND fSlZR OF STAH3. 

The spectroscope shows, by noting the periodic variability of ve¬ 
locities of stars in the line of sight, that about one-fourth of all the 
visible stars are really double or multiple, tiiough apparently arnglo to 
the tclciicopn. S'®, for instance, Campbell found that the pokr star is 
probably triple. In cases where the stars are so wide apart that the 
telescope can perceive them ns separated, not only can the distance 
of the stars from each other and from the earth be determined, but 
also the combined mass of the pair in terms of the mass of the Bun. 
Wlien there is bo visible separation, the mass can be determined for 
some cases in wldeb the plane of the orbit is known. For a Centauri 
tha nearest .star to tiie sun, there is viaible separntion of two compo-’ 
nenm. which revolve in SI yearsL The total mass is twice timt of the 
sim, and the two components being nearly eipial. each i& of about tlie 
sun’s mass. Tlie two are separated about 23.0 times as fur as the 
earth is from the eiiu. The periods of revolution of double stare thus 
far determined spwti-oscopically rpnp from 14 hours to DO year& 

From tiie pliotonietrie study of eclipsing binary stare it has been 
shown by Roberts and by Riua^ell that the average densities of these 
stare is siiiatl, no more than one-eighth of that of the sun. On this 
and other groimds astronomers are of the opinion that star^ are gen 
emlly less dense tliiin the sim, that is that they occupy a liirger 
TolmiM when of equal mass. Tho sun is only 1.4 times ns dense as 
water, or half as denjse ns glass, while our eanth is fi.6 times iis dense 
as Water, or 1 times as dense as the sun. 

tfif: number or thk starh. 

Stars are divided according to brightness in clussca called magni¬ 
tudes. First magnitude stars like Aldebaran are nu'o. A good mt- 
ampJe of the second magnitude is Polaris. Stare as faint as the fifth 
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i}T sixth DiAgnitude cun be seen with the unaided eye^ according to 
th« oleamesi^ of the sky and its freedom from the glare of cities A 
differeoco of 6i'c magnitudes means a difference of a hundredfold in 
brightness. Thus sixib^ eleventlit sixteenth, and twenty-firat magni¬ 
tude stars are respectively a luindredt ten tfiousand, a million, and a 
biuidred mlUiun times fainter than lin^magnitude stars. Our sun 
ifl about twenty-six msguitudes, or twenty-five billion times brighter 
tlisu zero magnittide stars like Vega- 

Do the stars increase in number without limit as wo consider fainter 
and fiiinter ones revealed by larger 3vnd larger telescopes? To 
answer this question counts have been made of the actiin] numbers 
in the whole sky for the brighter magnitudes;, and then of niimero^is 
patches of sk^' siiflicient to give ti fair average sample for the fainter 
magnitudes In tlibi way it has been found Uiat ixp to the tenth 
magnitude the num¬ 
ber of stars brighter 
than a given magnU ^ 
tude is liboiit three 
times as great as 
the number bHghttr 
than the magnitude 
next preceding^ 

From this point on 
the increase grows « 
les3 and less nipid, ^ 
so that of stars 
brighter than the Pio. a—nr Jt abr 
eeventeentli magni- A,iro|.hrwJrti j^u™i. toi, aT. 

tudci tlie estimated numl>er accortling to Ciiupman and Jlelotte, is 
only 55,00(^000 jnsto»d of 1^800,000,000 os it vvoidd be if this constiinb 
ratio of increase [irevailed. Up to the present time no Ihorougb 
counts have been Rnished beyond the 17*5 magnitude, ullboiigb by 
the nid of photography it is possible to observe stars os faint as 
the twenty-first magnittide with the great OOducli reflector of Mount 
IVilson Solar Observatory. Arranging the information given by the 
counts in mathematical fashion, it appears that it is unlikely Oiut 
any very considertible increase in the nuu^ber of the stdirs will bo 
found by observing stars fainter than the twenty-sixth magnitude, 
however large the telescope available. 

Stars at this limit are about as much fainter than thoee of zero 
magnitude os our sun is brighter^ so that the brightest star (our 
sun) b twenty-five billion times twenty-five billion {25X 
times as bright as the stars of the faintest class which are probably 
shining upon us in any considerable numbers. The total estimated 
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Qiimber of sUirs mcludiiig thia ivUppoeocl limititig innigciUntL' is 
probablv between one and two thotisand millions. 

Blit why is it that there is a limit of nnmber^f Are we to sup¬ 
pose that there are no more starH, and that if our toleecopes were 
siidicieotlj powerful to perceive those of twenty-sisth magnitude 
wc could see all, little or big, that exist? Or are we rather to sup¬ 
pose that there is a limit of distance beyond which no star can be 
seen, however bright, so that though myriads without limit' may 
exist, no angle station in the universe is able to receive light from 
those bcymid this limiting distance? It seems probable tliat the 
latter hypothesis is tlio true one, although astronomers would not 
be unanimous in saying so. 

In recent years one bit after another of evidence has come ont, 
fending to show that Uicre is a light-absorbing mediiun in ^ace. 
It is very rare. Dr. L. V, King has recently computed that the most 
probable measures of its effects on star bri^tness would be eatislied 
by assuming a density of the supposed absorbing medium in space 
less than one-trillionth part of that of the air. But even at this 
rate, space is so vast that the quantity of tlie supposed medium 
within a sphere whose mdins is die average distance of the nearest 
star (a Ceniauri) is about 10,000 times the mass of the sun which 
m staming if 

There figures are of course very uncertain. But that there is in 
(tpiice here a particle, there another, yonder a‘hydrogen molecule, 
beyond still others, and Uiat in the well-nigh endless path extend¬ 
ing to stare of the twenty-sixth magnitude, whose light traveling 
186,000 miles per second tjikes tens of thousands of yemw to travel 
to there would be found enough such partides to bar the doore 
of light, Bs a fog shuts out the sun—this seems reasonable. 


THE DTSTASrCES OF THE TIEAVE:XLV BODIER* 


By W. Kiceikuleime;:^ 
E7. H, OHirraiaritM 


Before nny attempt was jiiatle by the oiicieuts to determine the 
ilistADce from the earth of any celestial body we bnd them nrrang' 
iiig these bodies in onlcr of distnnee very raueli as we know theni 
to-day, assiuuing that the more rapid the motion of a body among 
Iho stars the less its distance from the earth; the stars, that were 
fiuppoged to have no relative motions, W'ere assumed to be the most 
distant objects. 

The first attempt to assign definite relative distances to any two 
of the bodies was probably that of Eudo.’tns of Cnidtis. w'ho, about 
370 li, C., supposed, accoi^ng to Ajrhimfdes, that the diameter of 
the sun was nine times greater than that of the moon, which is equiva¬ 
lent. to saying that, since the sou and the moon have approximately 
the same apparent diameter, the dirtauce of the sun from the earth 
ia nine times greater than that of the moon. 

A century later, about 275 B, t’>, Aristarchus of Samos gave a 
method of determining the relative distances of the sun and moon 
from the earth, us follows: When the moon is ut the phase drsf 
quarter or last quarter tlie earth U in the plane of tlie circle which 
separates the portion of the moon ilhiminatwl by the sun from the 
nonilluminated part, and tlie line from the observer to the center of 
the moon is perpendLciilnr to the line from the center of the moon 
til the sun. If at this instant the angular separation of the sun and 
moon is determined, one of the ocute angles of a right-angle tri¬ 
angle—sun, moon, and earth—is known, from which can be deduced 
the ratio of any two of the sides, as, for instabcc, the ratio of the 
distance from the earth to the moon to that from the earth to the sun. 
Aristarcluia ^ves tJie value nf this tingle as differing from u right 
angle by only (me-thiiticth of that angle, i. e,, it is an angle of g?*, 
from which it follows that the distonre from the earth to the sun is 


* tlnl liJdrtTu tw^Core th* Sipditljr Wjifihli3ftQR t* ILlt. 4. 191 flu 






170 ANNUAL REPOET SMlTHSOKrAN ISSTtn.mtlN', tSUO. 

nincteeu tunes thut from the esrth to the moon. This inetliod of 
AristftrL'lius is thi^rctically corrett, but in iktermiaiiig the tingle nt 
the eurth us lieing S'* leas than u right tingle he made an error of 
alwtit 2“ 50'. 

llipparchns, who lived alKUit 150 B. C. and van called by Dclumbro 
the true father of astfoiiotjjy, attacked the ]]j-oldeni of tiiD dtstanrea 
of the sim and moon through a sliuly of eclipses. iVieiiining in 
accordance n itli tlie reault of Arihiarvluis that the sun is 19 times 
as far from the earth as tlie moon, having determined tlie <liumeter 
of the earth G sliadow at the di^ance of the moon and knowing 
the angular diameter of the moon he found 3' as the sun’s horizontal 
parallax. By the stm’s parallax is meant tlie angle at tlie siin sub¬ 
tended by the earth’s serni diameter and if n = tlie scmldiunieter of 
the earth, A= the distance to the sun, and 11= sun’s horizontal 
pundtax. the relation betivceu these liuautities is expressed by the 
ei Illation: 

a 

Sin 11 - — 

A 

The next attempt to determine the ilistance of a heavenly body 
was made about 150 A, D. hy Ciuiidiu.i I’tolemy, the last of tlie 
ancient astronomers and one whose writings were considered the 
standard in things astronomical for 10 centuries. To determine 
the lunar parallax he resorted to direct ohservntions of the zenith 
distam^ of the moon on the meridian, compiring the result of his 
observatirins w ith the |H>flition obtwined fnjjii the limar theory He 
determined the pnraJlax when the moon was nearest the zenith, and 
also when it cn^d his meridian at its farthest distance from the 
zenith. From liU ohsenations lie obtained results varying from less 
than 50 per cent of the true parallax (5T',0) to moro than 150 per 
cent of that value. According to ITouremi the definitive result of 
Ptokniy^s work is 58M. 

It is thus seen that the astronomers of 3.000 years ago had a 
fairly accurate knowledge of the distance of the moon from the 
earth, but an entirely erroneous one of the distance of the sun, the 
tniP distance being something like 20 times that assumed by them 
This value of the distance of the sun from the earth was aweiited f*>r 
10 centuries from ArirfnrchiiB to Kepler, having liccn deduced anew 
hy such men ns Copernicus luid Tycho Brahe, 

Witli the announcement by Kepler, early in the Beventeeiith cen- 
tury. of hiH laws of plonetaty motion it became possible to deduce 
from the penotUe times of revolution of the planets around the sun 
their relotivo distances from tliat body, and thus to determine the 
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distance of the sun from the earth by deteiuiiuing the dktauce or 
pnrnllnA of one of the plnoets. 

From obseri-utious of Mara, Kepler obtained the distance of tho 
sun from die eardi as about three tiuie* tluit accepted lip to Jiis time. 
Hia value, however, was but one-seventJi of the true distunce. About 
50 years Inter Flamsteed and Cassini, working mdepcndently and 
using the same method as tliat employed by Kepler, obtain^ for 
the first time ajiproximatety tlie correct value of the distance of the 
sun from the earth. In a letter dated November KJ, 1072, to the 
publislier of the Philosophical Transactions, Flamsteed says; 

Scritianlwr iant 1 went in Tnwnicy. The drat wwk that I Intcmled to havi? 
ebsen-Dd S ihere wlUi Mf. Townl^-, I twice oiwrv'il him. but coiitd nut m,ii;e 

iwo Ohsi^r^ntliiiAki, n* [ In oim5 ikli^ht TIr' ftrst oiffht lifnt my 

I liail ihn KiJtnJ Imp ta nm^LEure h\s from I'wq SDirs tbe sunie nigrht; 

I t^inU tbiit the Pamllu^t wim vrry pmfdl; i>C!rt<ilii]y not ao wconds! 
RtP tlua i Mlevi; n\o Sun’s E'limllAX In nut mure limn KJ Cif thi* 

I Inlond tu wriru n ^imll Tnict* wlion I ntinU i;nln luLMure; In wMcli 
1 filmII ilk^moTiNtruU' both Un^ Dmiueter ami Dlsitnuc^fs of a3l tim Plutiets by 
ubsurvatlomc; fur whkh 1 nm now riretty viOll 

T)nnng the two nnd a hsilf eentitrinis sini?e Fliim 5 tci?crs det^noina- 
tioii there havu tjwii more, tlian a himdred detenu illations of tlw 
solar parnnax by varioiiEs met hoik In the method used by FInm- 
steed the rotation of the eiiilh is dei^nded upon t<j change the rela¬ 
tive position of £be observer, the center of the earth, imd SfarsL 
Another tnethed is to e^ablisb twostatioixs widely separated in lati¬ 
tude and in iipprosimfltely the same lon^pLiide, At one station tiio 
zenith distance of Alars will be determine J us it eross^es the me rid inn 
north of ibo zejihbi at tbe other station the zenith distance will l>e 
determined as it crosses the meridian feonth of tlie zenith. The si mi 
of the two zenith distances minus the diiTerenee in latitude I net ween 
the two statioins tv ill give the dajplacemenl of 11111*^1 due to parolln:^. 
These two methods have b^n succejssfully applied to several of the 
ivstcroids whose distances from the Sun are very nearly tliat of Mars. 

The Dearth iipr>roacb of Venus to the earth is during Iier transit 
acrass the face of the sun, and these occasiono—four^ during the 
iast two centuries—have been utilized to deteruime the solar paral- 
laXn liere^ us in the eaae of Mars, two different methixb nuij' lye 
usedj either by combining observations at two stations widely .sepa¬ 
rated in latitude or at two stationo widely separated in longitude. 

The methods pist described for obtaining the solar parallax, the 
geoiiii'-trical methods, were made iivailabte. os has been said^ by 
the discovery of KepJer’s laws of planetary motion* NVwton^s dis¬ 
covery of the law of gi'avitation gave rise to another group of 
methods, designoted us gravitational methodSi The be^st of these 
is probably that in which the ilistonce of the sun from the earth 
is determined from the mass of the eartb.^ wiiirli in turn deter* 
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iDin<d from the pcrtiirbuthx effect of the earth upon Veoua and 
Mai'S- TTiiM method is long- nnd laborious, Imt its importanoo iJos 
in tie fart that the uccumey of the result iuci-eatsea with the time. 
Prof. C. A. Young says 

tbli Ifl tlie "wMliml of the fliture," ami two or iLree hijoOred j-wsrs lietK« will 
haiiie auiK-medcd nit the othara, uate^, Inriewl. St slionld appoar tliftt ImJIm m 
trrtifiem uulitiijwii are IntcrlcrluK wiib tliu iiKhreiapnta of om- nrl^cahorlbK 
plam-ta, in- It ahonliT turti out ilmi ttie law of iffaTltatiiui ta not quite 

Ai Bitoiile ns It ta nmv Emppaan] to tm. 

A third group of methods of determining the dirfunce «f the auii 
from tlie earth, roJled the physiral metlmds, depends upon the Je- 
tennination of the velocity of light in conjunetion either with Urn 
time it takes light to tnivel from the euii to the earth obtained 
from ot>serv'ations of the eclipses of Jupiter's satellites or with the 
constant of abvirstion derived from observations of the stare. 

In August, ISOS, Dr. Witt, of Berlin, diacovereil an asteroid, 
since named Eiios, whicli was soon seen to offer exceptional oppor¬ 
tunity for the determination of the solar parallax, na nt the verv 
nest opposition, in Xovember, 1900, it would approach to within 
80,000,000 mites of the earth. At the meeting of the Astrographii; 
Chart Congress in Paris in July, 1900, it was reaolvcd to seiae this 
opportunity and organW an intemstional parallax campaign. 
Fifty-eight observatories took part in the various ohservatione called 
for by the general plan. The meridian instruments determined the 
absolute pofdtion of Eros from night to night as it cixissed the 
meridians of llie varions observateries; the lapge visual refractora 
measutt'd the distance of Eros from tJic faint stars near it, at tlttiffli 
dontifiiiing the measures throughout the entire night; and the photo¬ 
graphic etjUutorialB obtaineil permanent records of the position of 
Eros among the siiiroundiug stars- Tn addition long scries of obaer- 
rations had to be mode to determine the positions of the stars to 
which Eros w as referred, 

Ulien sevenil icnrs had elapsed after tlie completion of the obser- 
rations, and no general discussion of all the material had been 
provided for, Prof. ..Vrthur R. Kinks, of Cambridge, England vol¬ 
unteered for the work. The iiiidertakijig was tndv monnmentfll 
He first formed a catalogue of the G7l stare which had been selected 
by the Paris congress for observation ns marking out the path of 
Eros from a diacuseion of the results obtained by the meridian 
instruments and from the photographic plates. This done with 
these results as a basis, a larger catalogue of about 0,000 stare had 
to be formed from measures on the photogrephic plates. He was 
then ready to commetioc the discussion of the obsen utiona of Eros 
itfielf. From KKIl to lOlO there appeared in the Monthly -Votires of 
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the Bortil Astronomicnl Society eight urticles covering 135 pages 
giving the results of his labors. 

From a discussion of all the photographic observations Jie obtained 
a solar parallax of 

s'\so7d=o*'.mr 


a probable error equivalent to nti uncertainty of about 30,000 miles 
in the distance to the sun. 

From a discussion of all Uie micrometric fibse.rvatious he obtained 

8"fi06±0",004 


The ubiiervutions with the meridian in^rnments gave 


8".8aTi()".0135 


a detennmatlon tvlatirely much weaker than eitlier of the others. 

A parallax of 8".SO, tlic value adoptefl for all the national aLmu- 
nacs 20 years sgo, corresponds t* a ilSslanoe of 02.900,000 miles. At 
present it seems improbable that another para]la.\ campaign will he 
ondertaken before 1931, when Eros xipproaches still nearer to the 
earth, its least distance at that time being about 15,000,000 miles. 


Table I.—JpjtrQfiihqrc tfiafance from tHirth Jft ojt pcccpfiirf at imWdita ifjwej. 


P*i«. 


77a^.C,to]49l] .. 

im SCspIor.... .. 

. 

.. 




ATEhv, 

i,S00^009 

i3,co^,q» 


Coperaicus proposed that the sun is the center of the solar 
system and that all tho planeta^ including the earthy rarolre around 
the sun, it was at oiusc §een that such a moticn of the earth must 
produce an annual parallax of the stars. T^cho Brahe rejects the 
Copemican aystem because he could not find from bis observatioinB 
any such parallax. However, the system was generally accepted as 
the true one, and the determination of stellar parallax or the dis¬ 
tance of the stars liecame a live subject. Picard in the latter half of 
tile wventoenth century, using a telescope and a micronifiter in con¬ 
nection with his divided circle, showed an aannal variation in the 
dedination of the pole star amounting to 40'^ In 1074 Hooke 
announced a parallax of 16" for y Hraconis. About this same time 
Flamsteed announced a parallax of SO" for a Ursae M'moris, but 
J. Caeeini s^ovi-ed that the variations in the declinaHon did not 
follow the law of the paraIlB.t. 
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The period wliich Tce Imve now reached is so admirably treated 
by Sir Frank W. Dyson, Astronomer Royal, in bis ITGlley lecture 
(leliveted at Oxford on Mny 20, lOlS, that I ask your indulgence 
while I quote rather freely from that source; 

TJtus In Halloy'a time It was fnlrty well estalillalioil that the stars were at 
K'fljst ^l„0Ci0 Qt 3d.U0(l [ItMiitiL iiK the flUDL FLaliiiL'^ ilhl nnt 8iiix?c^ In 

fliHlJniir thiilr mtigie. I^llt he lunile nii IrnrHirtniit ill.^iver,^ irhlcli Bhnw^] thnt 
thn-i? Ilf UiB sUir« at J^enalhte dEetani'f^. In l7l8 \w ctiii tribute I u* lltk? 
R^|yal ikwk^iy a itapi^r 4>titltkid ”Coinji|i!crfltioa@ of the Chiinjsy of ihe liUtkinJiB 
(af of thf' Priiiclithal Hrlj^ht SlarR" Whilo rescon'hi^ on itnia-lhi^r 

til* fiitiml tliHt itte hrfKlit Btnfa^AklftiRruo, ^Iriiia, amJ Arcluma— 
umiiili^il fh>ftEtlon?^^ umoii^ the other stars cUfTerlEiK <?o]iuslt|orahly froiJi tho^ 
to them In die Almec^t of Ptolmy* He sIhiwih] thnt the |iuis|b!lUy 
of nn error tn the tmiiscrlptlrjo of the latiEiuaiiTliit eould 1>e Nafely oielotWiL niitl 

itai (he jiouilnninl iiioTenMMit <if tlie^ee stnra to the extintu pf 42\ tincl 33'_ 

i. e-H wtinieB lanrer than the aDpareni (Jhiliieler of i|ii- iiuii Id die wlty—wiTe 
motiliahed. * » • 

This la the fimt ^ood evlilenee—L e., evlden<?e which we luiw know to he 
tnj*—tlifli (lie FiMTallefl ttieil Htnni at^ Dfji rdntlvely to oive another. It 
Ki the llrRt |k>?4U1tc rroi>f (hat the disiBliees of dw nXatH ure seiiHlhly lens ttum 
(artalte. 

At Iho time of the appeanmeo of Hnllcy V paper there was comings 
into notice a young astronomer, James Bradley, then 2B years old. 
Ife WHS admitted to membership in the Royal Swiety the same year 
that lliillcy’s popor was presented. He was exceedingly eager tt» 
attack the problem of the distiinccH of the stars. At length the 
opportunity presentet! itself. To quote tigain from Sir Frank 
Dyijon; 

Drainer ileslcneil en iiwtramciu for metumrlfur the nnaalor itl^once from the 
xmiltli. a I whk-li a cwtulii star, 7 nnwimi#, eross^i tlw uerhlljiii. Thta |j,. 
KtruiiicDi Ifl ciilleil a (eniiJi Rector. The dlmtloti of tlw rertiral la slveo by a 
plumb line, uml he teiwqircil rmtn duy to tla>- the aoiptlar ilMauce of tho 
HtJir roKii the illoutloo of Iho n-rUral. From t>i?«>nitier, 172.Ti. to Mun-b, ITStS, 
the star ^ituaUf moveil farther auutli; theti It noimlneil iitotlonary for'a 
lIttU' time: tbeu KWviil northwnnbi nntll:, liy the mldille ®f Jane, It wna In 
the attQie jMsItlDp jtR la Decemlier. It cctitiooeil to mote nonhwants nntll ITie 
heidtinlDa of $irptemlH‘r tlieti tumwl apniti ain| n.-n.cbcd tta otrl position hi 
i:wi>{nlaT. The movement was very rejimlar am) evidently not iliie to any 
errora In Dntflley'it nle^rTaDoruii Bnt It ivns uiiiNt iiDexpi-«.-teiL The clfccl nf 
liarullax’-whleh Drailli^ wna t.wkinu foTw^iv,ala Imve hrootau uie star 
fnrthrat south Ln IhieJuber, not In lluh-b. The tlmra were all three lucinths 
wnmi;. Bradley exninTne.1 other srura. tlilnkliiif Dm tliat thin iiilRlit Ih> ,ioe to 
a nawement of tba rarth’a [»Te. ilyt this wimlil not explnto the ohenoiiH-iia 
The tme raplanatJon. It Is sahl. altiwiiali I do not know how truly, «.-carreii 
to DniElley when he was sailing; on the Tbatm^s mid iwtlwl that the illreetlon 
of tlw wind, us liiiHcflted by n vane on the me-ithead, vnrled sIlBiitly with the 
wiirae on which the i™t was mUins. An awnunt of the ohservutiuus In the 
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fomi <»f a letter rroin Bradley to Halley U [tablL^inil In tlu- rhllMMiblenl 
Tnuunt-tlcna for Iteeeinber. 

lyiien the ymr waa mmiiktcd, 1 hesan to examine nnd wmpiire iny irtwer- 
latluiLs. and haying piytty wen atitlaneil mji'self aa tu tlie Keneral luwa of Uic 
ijliewMieno. 1 then emleatoretl to flinl ant the muse of them, 1 wnn alnatilv 

nwiloo of the atare hm not owln^ to tho tditailon 

dityctlou €if the iiTniuh line with whti-Ji the liiKtniment wna eonatantly rmtlllMl- 
Iiut thiN uiam trliil t>rijvnl [iMUllleleRL Then I iij^nHhleml wliut^nefmeth.n 
mlyht |>ut H'otaf bIh» uiiUiltnt aatlBfaetory oceurreiL At lenj^i I tvnJeettirv^l 
«f^n iiiflitionCTl. proceMleil fhmi the pn^.4!dw. 

in^*i If nil '^r**' ** tiirxioTi In its orl,n, Fi>r 1 i^ercelittl 

I’''“f“sntftl la time, the iippanml place nf a flxeil objnt ivimiij 

'" «-urji5s 

TTlicn BrjidJ^tys dtmn’Qtiotis of y Drueonis vrete corrc^teil for 
lal^crration, they sliowed, aecohling to hiuiself, tliat (lie piiralhix «f 

^nore tlum 

a.UU,iKX) tinier os distant frojii the earth the suo. 

On Decembor 6, 1781. tliere wca TOa,l t!ie lloval fWletv a 

rnpor bj Mr, norscM. afterwnrtla Sir Willkm, mi \\w Pamillji^ 
of the bjJtetl Stars. We reiul; 

rnie tnethiHl polntM mit by nnllleo. nnd flt^ ntlompicd i.y Hoot. Piniiisiend. 
Ahmm>nux, ntnl Bmilley. of talilnB dlaTatiH^ of Hlam fnoo the zonltli tiuit |ioa!i 
^ niy it. thoujdi It ralhd wlOi rwiinl to paniUax, has boon proilmtlve of 
tho iiioBt uohle dlacoverlM »,f atmtlH^r iinitim Al the Kome time it Ima jtlven 
M a nracb luster uieii of the ImiiHiose diaianco of the siars. ami fapaishcl tii 

ltn«wi,iigo <,f their imnillas tliat Ja nmeb nean^t 

tl3& I til to tLcin Xli'p lllli] iKTri iTl? * * "* 

In ^-wral. tlio nieilioil af icoiih iTlatnnrm Inlwr? nniter the foltewtiie con. 
.IU»n,Rtei ,„ u» «nB ,r„„ ,1^ ,r."m 

T™ i”"' >1.1 <l»lr .llir.ro.nl., 

are lery for fy^n, holiiK perfiwtly hm.am Stty.ially. the eliunso of pwltlmt „f 

“wfat'iTm Lr““ “"‘““"T' “<1'*'"*«*'«. omj other 

J!r T ^ aetiled, that It aouid not lx- vei^ emir 

If BWrtly lo at liny ifli^n time. In the UHm place, the alie^niibm 

foni!oin^, dlflleultlea. I do net meiin to s.iy. Halt our thcerlea of all these muswi 
“fc <l‘-f«'tlvo;iin thomntmry.l ^ont that we are w mosi a-itroaienlcal 
fZTThe f''f"l*l'‘‘*» ''■l(l« «ccelhi.t tebl.^ to eorrMt onr ohaervatlona 

from the jibnre mentlnmit i>mr». But wJa-n wi* are upon ho itellento a neint 

^<l'«‘''or to keep <.le«r Jr^ry 
^ f ^ ItivoBvd lu uneortalntles; oven tho huiulraith port ef^ 

•oMDil hocoinoK a quantity to bo tnhou Into oaiwkleriitino. 

«-teet[n;r p,Cirs of stoi^ of very 
nn«|iial maguituilc nnd whose distan™ opart is loss than .V" anil 
making very acenrnte uiicronietric measures of tlu's distance from 
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time to time. The first conditioji should give, in general, stars veiy 
unequally distant from the earth, so that tiio changing pcrspoctii'e 
as the earth revolves in her orbit would give a variation of the 
apporent distance between the stars, while the small distance, less 
than would eliminate from consideration entirely any effect 
upon this distance of the uncertainties In refraction, precesson, 
nutation, aberration, etc, Herschcl had already commenced the 
cataloguing of such double stars and in January, 1783, submitted to 
the Eoyol Society a cataloguo of 2tM>. This work did not enable 
Herschel to determine the distances of the stars but did enable 
him to demonstrate that there esiet pairs of stars in which tlie two 
t!oraponents revolve the one around tlie other. In SO years he Imd 
found fiO such pairs. 

Coming forward another generation—tiiut is, to a time a little less 
Llitoi a hundred years sgo—we find Pond, then astronomer royal, 
writing t 

Tlie litstory ot OiiniiAl jjumUBi npiKara to me to be tlUs; In proporOoa ns 
UertrumeniA have Iweu Inperfeii Ja tbulr conatracUwi they Ijove iiiiai«u cb. 
nervem tiuo the belief of the exleiencc tif jieiutblc parallax. Tlil* bos liaiipeoat 
Sa Tlely to ostrouotaers of the very fimt repaiatloa. The Dublin LtHtromeiit 
la KU|ierlor to any of a alinllur cooBtractloa oa the COQtlDcot, and aceonlinKlr 
li tilmwii a mneh tiiei pamllax tMa the Italian aittronommi imaRioed they imil 
Ueteuted Oourelrtbi; that 1 buve csmblEstied heyoiul u doubt thot the Greeu. 
wuh Inslriuiient approBehea alll iieinvr to perfection. I can comi! to tie oibr-r 
concliULtoui than Uiat this la the reason why It dIscoterB nu parallax at nlL 

Within 16 yeats after tliis statement by Pond observations had 
been obtainetl which showed a measurable pBrallai of thm different 
stars. The onnoimcemonts of these results, each by a different 
iiiiitroriomeri tiers prajcticalW sStuultimsousv 

IV. Struve, uatig ii tilor micrometer, determined the disiance of 
a Lyras from a small star about 40"' distant on 60 different ds>a 
over a period of nearly three yeai-a. He obtained a parallax of 
0"jh3i!:^=0'',025- Bcsael, using iik hdiometer, determined tlie dis¬ 
tances of 61 Cygni from two small stats distant about oOO''* and 700'^ 
rcsiMctivcly. He obtained for this star a parallax of 0".3l4 HrO^'.Oao! 
Henderson, lining determinations of the position of a Centanrl "bv 
mcridinti instruments, deduced a parallax of TMA ±0". 11. All 
three of these iiesults were announced in die winter of 1838-30 and 
indicate that the three stars are distant from the earth about 7&0 OOO 
660.000, and 200,000 times the distance of the sun from tlie earth, * 
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Table II exhibits the observed displacement of G1 Cyeni by 
iiiontlily means as given by Main from Bcseel's observations. The 
last column gives the computed displacement on the assumption 
of a parallax of 0^^.,314. The reality of the parallax is seen at a 
glance, 

tn iiJ88^ 50 years after the first determination of what we now 
know to bo a I nto stellar parallax, Young, in his General Astronomy 
gives, in a list of known stellar parallaxes, 28 stars and 55 sepamto 
detertninations. Within the next 10 I'ears the number of stars whois 
parallaxes had been determined about doubled, due principBlly to 
th« work of Gill and Elkin, 

Probably the most extensive piece of Gtedar parallax work in 
existence is that with the Yale heliotuetcr. The results to date 
were published iu 1912, and contained the parallaxes of 245 stars, 
the obsenations extending over u quarter of a ccjiuiry, the entire 
work haying b«n done by tlmw men—Elkin, Chase, and Smith, 
111 selecting a liel of stars for parallax work, an effort is made to 
obtain stars which give promi.<>e of being nearer tlmn the mass of 
stars. At first the brighter stars were selected, and then those with 
largo proper motions. The Yale list of 245 Stax's conlalns all stars 
in the northern heayens whose annual proper motion is known to 
Iw as much ns 0".5. Of these 245 stars, 54 are given a negative 
parallax. A negative parallax does not mean, as some oue has 
expressed it, that the star is “somewhere on the other aids of 
nowhere,'’ but such a result, may be attributed to the errore of 
observation or to the fact that the comparison stars are nearer than 
the one under investigation. It is safe to say, however, that some¬ 
what more than half of the 245 stare have a measurable peraliox. 

Another series of stellar parallax observations, comparable in 
extent with the one just mentioned, is that of Flint, at the Washburn 
Observatory. This seriee includes 20® stars and extended from 1893 
to 1905, These observations were made with a meridian circle, hut 



























178 AN’KUAL IlEPOIlT !}MITirsON[A>' INSTITUTION, lOlO, 

Dot after tho meiliod of a century ngo. The obserratbna were 
strictly differential, tlie i^nernl jilau twing to select two faint coio- 
pariEon stars, one immediately preceding and the otlicr immediately 
following tliB parallax star, and to determine the difference in right 
ascension, the observation of the three stars occupying about five 
niinnies. ITcre, as in Uie case of the Yale beliometiir work, a largo 
proportion of the resulting parallaxes are negalive; sonicwliat mnro 
than liaif, however, were found to have a nicosumblo parallax, Tho 
average probable error of a parallax was the same in each of tbeso 
two piot^ of work^botit 0"M. The progress of the work during 
the last two or thn?e generations Is given in Table HI, n hich con* 
tains also a brief statement of the discoveries made during (he 
preeeJiiig centurj', due chiefly to efforts to meeaurc steilar parallaxes. 

TiitLjL IH, HUiii&fT ttf fi'niGtcti Miff (at ^rcfWflitfiPj. 
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1 Tfo panllix. 


A generation ago photography entercr] flio field of stellar parallax 
WMk, nml has outdistanced nil tlio previonsiy employed methods for 
efficiency. In tail two pnbljcations appeared giving tlm results of 
photognipluc stellar parallax work, one by Russell, giving the paral¬ 
laxes of -to stars from photographs token by lliiiks and himself at 
Cam bridge, England, the other by iwhlesinger, giving the parallaieg 
of 25 Ktaru from photographs taken mostly by himself at the Yerkes 
Observotmy, Wifiiams Bay. Wi^ In speaking of these tw series 
of observations, Sir David Gill said: 

On the wtoTe, the Ciiinbrltlre rrmita when a ramdent numtier .,r rvf«t« 
l>cea tiiHea the omipiirlaoii Btam are sj mnH'trIrally nmuiRwL Kive 

rj^Us «r an awnmo wlUrt,. but fer the won,!erfol pr«U.l™ oT 
otwervatlorm, would hare Iwea reearilei! na of the highest clans, ” 

SrhlfBinger has shown that with a tetwcope of the air,e and char- 
adcr of the 'iorke^ rnstnimcnt “the number of .^Uar parallaxes 

of ^ .013, in the ong run he about equal to the number of clear 
nights avoilfible for the work.” 
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In other wordsj the 'SVrkes 40-inch Hjimtoniil used phototrunhi- 
cnlly detefiiunes stellar panilbses with one^tenth the labor required 
with n heliometcr and with twk'® the accuracy. 

In July, 1913, stclLir pnrallas work was undertaken with th® 
OO-inch reflector of the Mount iVilsoq Solar Obscrmtoir, nml at the 
metdme of the American Astronomical Society at San Franciwo in 
Aii^isit, 1915, a report on that work was made. The parallaices of 
dotermmcfj, with a iiUfsiiiiTim prehable error of 
0 .010 and on average proluible error of less than 0",000, givintr 
t« ICG the a^rwey of the Sclilesinger resiiits witli the Verkea JOdneh 
and from three to five times tiiat obiained 15 veonj ago. Mlmt mi.v 
we^^ when the lOOdneb reflector gets to work on Mount 

At the meeting of the i\jneriean j\Btronomicul Society, to which 

two other observatories reported upon 
^ M-'" ^ Obsen^atorr, 

™r ® maximum probable error 

of O'-OU and an ayej^ probable error of (V'.OIO; mid Mitcheil, of 
Leander McCormick Observatoiy, reported the parailaxes of 11 stars 

a probable error of 0".012 and an avernge pn^bable 

error of 0".009. » i 

Tht progress made in the accuracy of parallax results is shown at 
ft glance in Table IV. 

Tabu: IV.—TAr «j/ tUJln,- actrr>ntnatif,n*. 
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rv./T™ appears that any star whose parallax is as 

distance from tho earth is ie^ thin 
10,0^,000 times that from the earth to the sun, should give a positive 
res^ when subjected to the treatment now employed in parallax 
investigations, and as 8 or 10 obsen'atoriefl arc devoting their ener- 

at present, the combined programs 

at iSTSw^th’^ different stars, we ought soon to have iSs of 
t least a few thousand stars whose parnllaies are known, where 
our present beta contain but a few hundred ^ 
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A CEKSDS OF THE SKYJ 
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/flr fhP<^r^ 4 Tiref, 


[Wltii Q ]ihiteii.| 

It mi^ht to cult for some rKiimrk^ even Kome wpology^ tlmt 
ftt 11 period like the pn^nt 000^. when all the onlinary interest of 
iifo disappear or are transformed, that we ehotild meet as we had 
arr^gwl to meet, and eichange with one another the different 
truisms of science. 

There occurs to me a parage in a book by a celebrated private in 
the French Amy, iVnatole Franco^^ “ Isle of Penguins*^; one of hia 
characters, deeply depreawd tlie perversity of tl>e world, reflects 
somewhat as followst “tiinco riches and cirilization bring as manv 
oa’asiojis for war as barbarism and poverty, since the fuJly and iil 
will of mankind arc incurable, there remaina one good deed to do, 
Gotno wise man shaU collect cnou^ dynamite to blow this planet up! 
Then when it whirls in fregmenta screes space some iniperceptiblo 
alleviation will l)e felt in the universe and some sotisfaetiDii will be 
given to the universal conscience, which, indeed, docs not exist.” 

While we feel as much as any this same savage indiguatioih^' 
Swift’s amva that folly snd ill will have still the power 

to throw the whole world off its bearings, and while wc are all of 
ns busily engagm] in collecting enough dynamite to blow some parts 
of it to pieces, it is wise to remind ourselves that there are other things 
besides folly and ill will that are indestructible, and among these w 
the desire to increase nattiral knowledge. We are at no for 
precedents. Our Boyal Society was initiated in the midst of dvit 
war. The “Principia” waa published a year before the Great 
PevolutioD. Kepler found in the Thirty Tears^ War no reason to 
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interrnpt hh study nf the phiuetary iindiums, nor did GanyK ill tht? 
invnitinri nf Xapolenii, Snrasssive volumes of M^^ftuique 
imine out. and Iw^ar eviileuee in their title-piigies of the [wlUleal 
rhangres of the Frqiich devolution. Hevelins and Gas^ndi com- 
spondcd iicrofig a Europe in turmoil^ and Xewconih Tvorked with L>e* 
Isninar at the theory' of the moon while the Purls Commune raged 
tilnio^ to the dot>r 3 of the observatory. Had lienee alwa_vg waited 
to advance till timei^ ivere quiet. It would have remained tc this day 
uncommonly near to its starting point. ^ 

The siiVjject to which 1 itsk your attention for on hour to-night 
'm ncit a am nil one. It b nothing less than the simpleBt t-ompre- 
henaive view^ of tlie whole uniierse. Indeedj it Ls a subject so vast 
that some have felt that lu tho study of it liiimau tnterrsb wcnild 
shrivel away and that as we looketl steadily ii[>on its extension we 
shonid be gripped with a kind of nightmare and feel ourselves shrink¬ 
ing and ishrinkitig^ and unless by violent effort we could throw it 
off we should seem in risk of vanishing altogether* But somehow 
tliat Is not the ease. Those who nioht study the nuittcr and those 
who have lately E-ontrihuted most t4> our knowledge are men well 
known to us, very human beings. Certainly a correct coDception of 
the universe must goveni Ihe scale ot nltimatc values of all we do; 
but in the history' of iileas it is remarksble tlnit interest in it has for 
tho part of the time l>een satisfied with obvious fairy talcSj haSt 
in fact, been limited to the very narrow outlook of what we might 
inmiediateiy expect to Accomplish^ and has often combined m indi- 
viduAls nn inlenwj interest in the question, with a total disregard of 
any but the individujil*^ point of view, us if evun tho*^ vasty halls 
of cosmogony w oro an aivna of sportt w here ilio attempt w as not so 
much to reach the goal as to gain a place for tself-expression. As 
president for the time being of tlie Royal Aidroiifimical Society, I 
keep a oertoiii auioimt of involunlary touch with such jieople- “ I 
ohotild hke to knew, one of these wrote to me severely the other 
day, what srteps urn being taken to spread the true clirimulogy und 
llm truth about the deluge.’* 

Well, perhaps that gentkuian was a panidoxer; but it is mterest- 
ing to bo3tciw' a aide glance upon the way astronomy has been viewed 
by acute fttid catholic nunde before the era w hen the commonplaces 
of diffused education had blunted a good many fir^hnnd judgmentn. 
I idiall nut take you on a long gxcur^on into hi^ory. Tw o or three 
pregnant, esamplvs will suffice. 

Take Bacon’s Kew Atlantic. In that remarkable country, which 
had flying men and aubmariuea and scientific stockbnjediiig for the 
production of definite variations, it is tnic that they had a statue to 
^ tJie inventor of observations of astixmomy.’’ but the sy:Jtemstic con- 
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templntioii of the lifjiiY^aiia does not apixfjir to luivo faruietl a part of 
their nntionul ftcheme of atuJy: 

We hSfik towprp, Hie aljuUt half u aOle Lii !ki>l|iLEt; fitiEl Miiiin i.*t 

them pet uptm lilgh niuunniliLS tbat Um Yiuiliii^e of Iho 1UU with the 

imvisr hi In tiaf Mabcstt of thofO 3 tc^Ueji uL leskBt^ * * • Wo liiOz^e ttitvora^ 
aerordiiiu to Liw\t sortnai lierifiiUf aiul sltiuitLoD^ for Imolotloa, reffl^tttioiu 
cukEutemiUoTi, nm\ for tire vk‘w of dl%'or« Diotour^i; jw wJjilIhi rtilii. iFtiow% hiiiL 
aoil (Wine of the flory lueteora AjiU upoft them In mtm plae^ aro ^Iwetllugn 
of herniiU^ whutu we viait sscrtnetittie?! ntid JiMrtnirt wlmt to ohsorvu. 

This pASsa^^e is very dmppumthig to an astronomer. These her¬ 
mits, with their mugniJioerit equipment, state support, and hoards 
of visitors, were nothiJig more tlmii meteorotogists. 

Orj Jignin, tnke Shakespeare. It is udniittcdly difficult to make out 
what views, if ttiiyp Shakespeare held on any subject, and 1 ^niJl 
have to quote words put into the month of the light-mhided Binjii 
in nnler hi make my point y but we know that the lnn:icnl tigures 
of his plays vlv^ chiefly pedants^ and |iolj<.'einen; in piirticular, the 
pedent moved Idm to a ^liool-buy ribaldry^ and from two or three 
rufci'cnces I siimise that iistr™oiny, ns a science and apart from its 
poetic ifierustations, btruck him as yet another hold for the preci¬ 
osities of his ineifEiblc pedants. Stndy,^ says Birrm— 

Stmly like Hie bt^avea's gEDrlous nuu, 

Tbfti wilt mi lie *lOi>p siinrvlieil wlUi Maiury ItHjb^ 

SmaU Lave continual pLKJder& evi.?r won, 

Save bnsE? aotliarny troni atbers^ bwkisfL 
Tliciw cunbly godthtben} of Lcaven^s UgbCa 
Tliat give- a imitio ti> ci'cry fl:xetL star 
no more proGt of thoLr ebliiJnj; nl^bo^ 

T hnn Lhoriu that nulE iinrl w<it nut wlutr ihuy arc, 

Tito olucL Iq know is to know notiglit but famo ; 

Ami every gE>dratber can ^3vi? a immi^ 

That is nil tlicro is in it~giving names; science is noiuinalisrtn 
We may brush it aade, but, after all it is a pjiiiifidly shrewd hit 
against science. 

?fow, there wjm a very eoiusiderabln and EYttinded astrtmouij in 
f^hakespeace^s and Bnenn'S dayi^- Copemteus's w<irk De Kevolii- 
tionihiis was 50 yi 34 irs old- Tt was fMjrha|>s ncjt much read, but for a 
century liefore devious voyages, lasting for montlisor years, to Xortls 
and South America, to Bsaith Afrii^, and to India had made uidis- 
pensahlo a working knowledges and command of its practical and 
with the practice gi-ew up a scientijic intere?Jt, 

In 15T8 Sir. Jnhii Winter passed througli the Straits of Mcigrllan 
**in a good fiml newe shippe callcfl the ^EU^beth,^ of SO tonnes in 
burthen,’^ m one of Sir Fnincis Drake’s consorts. ?feither the place 
nor the vessel i?an hav&heen favorable to scientiflo ab^raction, yet he 
determined bia longitude there from an eclipse of the moon. The 
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(Hnkliiyt, YoU VIII) is ti g?iii of netiirale ttslnmomy, aud 
I sdiall read it to joUf for cTery point jnentioned ia rckvant and the 
conclusion quite Justified and near the truth t 

Tim in of Kept^l^er the EDODoe wnjf there ecUpsecI, and Ijo^u tn bo ibirk^aetl 
tFre^onlly after the settinjc of the saanPt tiTwtit sJs& of the elocke nt alaht, heltiff 
tiujji Eqnlnoetfnl mnal la that radntry* The sntrl ecllpw tianpened the 
10 rtar t!i the niondn^ Imfhnfl one of the clocks Iti Eoj^lJind. which 1h about 
oSiD hiiurcs infTereihv, aKreelaa to f»ne dwortor vf the Worhl the Merlellan 
ef Englandp towertl^i the Wesft. 

Now, tiika a long step from the sixteenth to tho nindeetith eenluty. 
Passing by a fastidious aud academic writer like Tennjsou, we find 
a mind ns careless of fact and utitrainmeled by convention as Marie 
Twain deriving perpetual delight from tho mere scope and scale of 
tilings astronomical in its revelation of the very biko of the world 
as meuEured in millioiis upon in ill ions of any units we can toll off. 
It may 1>& haril to say exactly what this proves, but we may allow it 
(n suffuse the continual ploddev witli a gentle glow of snrisfaetlon, 
for without his coutimia! plcrtlJing it would never have come to pasei. 

Undoubtedly the last won! of astronomy must be heard l>efore we* 
can solve the problem of the philosophers upon its material side and 
place man in true relation to the universe. 

I sappose it is evolution that has made us feel responsible for the 
Qjtiver®, incurring tliensby. it must be confessed, a very heavy 
responsibility with fate—^ debt th^t would cause serious anjciety 
had not philosophy long since bccoinfi reconciled to penuauent bank- 
rapt cy. T mean that before evolution i>ei^aiu6 ono of our fixed id&iB 

man’s place in naturei^* was an expression to which only an arbi¬ 
trary meaning could bo attuched^ There was no obligation to con- 
necft the phenomena of the universe in one long chain. Nfsthing b 
more illuminating as to our chiingia of vlaw than to read the words 
of one of the lesser lights of the eiglitoenth century — for csamplot 
Thomaa Wright* of Durham, is an author who is often mentioned 
along^do Immanuel Kant as having foresight of the nebular hj- 
pothefiisr the great evolutionary scheme of astronomy. Without 
ilepreciating the Insight and the breadth of Wrights views on ex¬ 
tended stellar Bystems the defect^ha perfect defect of any evolu¬ 
tionary glimpse in them^nstrikes one now as an alintist painful 
incompetence. We are sensible of the uace^ty of connecting uU tho 
parts of onr system. That is tho general intercs=t in a survey of the 
fiky, ontside of profeesiouBl intore^it in a difficulty overcome and of 
curiority—which, indeed* is soon bored by tnero nuignitude—and 
that is the reason why wo w)rac back to it agaip and again, especially 
row thnt we are beginning from mure than one avenue to approach 
some reliable, and one hopes some permanent, at of view. 
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That avenue which I woidJ iisk you to follow this evening la tl^e 
most direct the least aitihcial, and on^ would say the driest of uU— 
mere vnumemtioni a census of tlie aby. But it is not dull. As I 
filial I show you in a few minutes, the material dealt with is of com¬ 
pelling beauty, andj as scientific people, I hope It may interest you 
to have in brief review tlic oonridenible diEGculrit^ instrumental and 
of organiKation; the msny collateral que^ions that mujit be ansvvered 
heforo any confident* or even approximate, reply can be given to the 
timin question of how many stars there are and how they arc dif^ 
tril>iiti?d. Arif], JiDaily, as British people, 1 think you feel a legiti- 
matt? pride to know that this great and unijbtrti^ve work, of central 
interc^ to astronomy* that I wiah speciaHy to describe to you is all 
British {including therein the Transv^nal Colony) in design and 
execution; the plana madoj cost provided, and veiy nmny of tVie 
pliolograplis taken by an amateur, the late Mr* Fninklin-Adams* a 
business man of Lnndon, the instrument designed by Mr^ Denni.^ 
Taylor, and constructed by him at Cooke^a works at York; the series 
of photogruplns tH^mpleted at the Union Observatory at Johannes- 
hiirg; and the ooimts performed and discussion made at Greenwich 
Ol>3ei:wfltory by Mr. Chapman and ilr* Melotte* two members of the 
stair. [Specimens of the Franklin^Adams chart were shown (pis* 
1-C).] 

You now see, more or the problem before you. To *-give a 
name to every fixed star” is a task that we are not likely to under¬ 
take- The Arabs gave many of them proper names, which no doubt 
had scmie meaning, more or les^ substantial, but now passed on to the 
westerns with meaning, pronunciation, and accent alike in corrup¬ 
tion* uncertaintyi and disrepair, form a somewhat tmng detail to 
tlie eonscientioos astronomer^ Ptolemy adopted lii his list a cnide 
and pictwiesfpie description with reference to the nsterism. Thus, in 
Ijeo: “ Tlie one on Ids mustsik,” ^ the one in his tlirout,-^ “ ^he one ut 
the tip of his fivmt right claw” **the western one of the tliree on 
his belly ” “ the one at hhf heart named Ecgtilua.” It is a trdublesome 
ploJi, even for the 1,000 stars of which he gires the places. Tycho, 
who wii 5 only incidentally a stellar obsert'cr, u^iug the atars to fix 
hia planets, carried on the method of Ptolemy. Xot till the middle 
of the Hcvcnteonth century did Bayer in his Uranometria, introduce 
the device of attaching the Greek letters to stars in each asterism. 
Tlie advent oT the telescope^ wdth Hevelius and onr own Flamsteed, 
utterly otitran any method except that of numbering. Laliintle's 
Ilisloire Celete-te in 1801 contained 5CI,0(W; Argelsinder^s Diirchmus- 
terung in 184T* upward of 300,000 in kodcs from the pole to Dee. 
—10", At each effort the object, if complcten^ was its aim, showed 
more moimiainlike. In 1879, at the instance of the Asironomische 
GcscUschafC, Argclander-^ swiies were revised by the cooperation of 


iSfi AN:NUAL REPOTiT ^ftlTTnSOJJIAK: TKSTTTTJTIOX^ 

tnanv obsGrvntories in upward. (>f 30 years. It Imrdly requires proof 
that yi\lh siich resourc^es ^ astioDfimy has erer eonimfliidedi or is 
likely to commnnJ, a complete eoumemtion U|>oii these Hues will 
nerer l>e Attained, 

If we arfl to attain a toaiipe<rtu9 of the whole, now or ever^ we must 
make a mdieal reduction in the demands of our problem* Iffow^ in 
all these catalogues the pla^5e^^ of the stairs iiru recorded In their two 
coordinates, and the ralculatioiis made m each ludivjdua] which 
are necessury to allow for pretrcfisionai change in the ^t^^ess of refer¬ 
ence. IVe can not diFq>enpe with buoti ing where the stars are, blit 
if onr intci-s^st is in tliCiP nitml)erfi and regional difdribiition, we can 
dis|wnsc with recording it precLsidy. And if we can take an etevated 
standpoint and eliminate the earth, likci the Hlessed Damor.el, leaning 
on the gold bar of hcBVen, and see far helow 

thin eartli 
Spin like a freiful Eihklg?^— 

why, then, we may dispense with the tronUfSinnie ealcnlation of pre- 
eeaaon. Tlicre is almost nothing left tbon exi:ept to count. 

Blit let ntibotly think lightly of the imixirtanoe or the dilEciilty of 
mere counting. \^Tien the Wliite Queen put to Alice tlie question: 

Haw mac^ uri^ ari# atui uEie anri euoI ode and one luul one mid one and 
ona and one ami one? 

Alice docs not appear to have been able to answer* Counting 
etirrectly i& very dillicult, bccaiuie, bo lo put U, it iiequires from llic 
mind a simuliaiiLHjus hold upon the pasL, pineseui, and future. Caunt- 
ing, on die other Inind^ done carefully is liu* ouly region of knowd- 
cilge, even of mui hematics, iti which we enn lie perfectly isure w e are 
not talking notis^emic, Much tliat wofi funuerly clas^d oh geometry 
is now clm^d an iiausscm^. A circle hasj tio prof>erties until we 
say how‘ it 1:3 gonemteth anil we can not suy how it is gencrateil 
until we make np our uiindfi alHDut contimiity: and continuity, to 
make it intelligihle, is now explained in terms of discontinuity— 
thot ia^ uf counting* By counting iniiruty is nijide comprehensible, 
like an infinite prr&]>ective collected upon tha narrow sjiace of the 
retina, as a satiHence of converging incrrmeuts—countk;58 in their 
number hut countable in their sum or etTeet. 

Counting hy samples is another name for the tlicory of statistics, 
of averages, w itli their rumificatioils of probability, without which 
timiters s> dUporale as life insunince aud tlie kinetie theory of gii^ 
Would be equally unmansgcable* 

I neiHl not labor my point* In coiinting the stars you have to 
count a sum of which you can not tell in advance whether it will 
prove infinite «r finite: you have to count by samples; you liavc 
to ctjujii by receding steps or grades as far as you tan and then 
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ioftrtbo eontinuatioii; iimi. if these gnidea 9X6 wconrctly or debat¬ 
ably demun'Hted frojji otio another, your results are lialile to snch 
enorinctus uticertaintie? that they can hardly be held to add anything 
t(i knowleilge. To have perfontied this coimting, as I believe it 
has been elfectively and securely performed, is;, in my Judgment, 
a vetT great feat, one that would appropriately be taken as a land¬ 
mark in the history of the mind; atul I do not think I detract 
from this at all if T aay that those tvlio have actnally done the work 
woitld not lay claim to mom than to have well and truly fierformed 
n stmightfoTWiird task by oidJiblished methods, Xuiie the less, it 
marim a stage, a f«td utoong many surmises, an achievement among 
many attempts 

Counting the stars js nothing else than the metluKl of Heracbers 
filar gauges fiiipplemenletl by a due consideration of nil the diffi¬ 
culties which he overstepped by intrepid assuniptions, llTien Her- 
schel set up his 20-foot te Hector of 18-inrli a perl lire it was mounted 
voinicallv in tlm mnridian with a sweep of a little more than 2^, 
and he surveyed the aky in zones of deflinstion, hiking ever5'tliing 
that came by, and, in ptirtictdiir, countinp the density of the* fields. 
These counts were the bases of his papers on the “Construction of 
the heavens " which showed that the am was roughly in tlio center 
of an irregular disk-shaped universe of stars, researches that 1 have 
heard Sir Dsivhl fHll describe ns “almost inspired-** But, if he was 
inspired, like other prophetic writers, we have to reptwe upon his 
genius, for criticism spoils him. It a’ill not do now to tell ua that 
a poTcnth-iiingnitude star may 1j« geiji'nill)' taken oa seven times »s 
distant as a first-magnitude star. In the first place, calcuhitiqn is 
—.gji times would Iw more defensible—^hiit, in the. second, 
thoii^ we know' thiil distanf-o muft raiao magnitude, genendly jqjeak- 
ing, wc are quite unable lo verify the connection. But, most of 
nil, though lierschel “hiokeil farther into heaven than any man 
l>ef^ore him.’* for this purpnaa lie did not look nearly far enoiigli. 
Ilia statement that in n field of Ifl' diameter he counted some 70 
or 80 Stars, with occtisionnl fields very nnich denser, would indicate 
that h« reached to the thirteenth or fourteenth magnitude. The 
liftnenth magnitude more than doubles the foiirttwnth, the smteenth 
nearly doiihjca the (tfleenili, the Beventeenth nearly doubles the six¬ 
teenth. How does the progresf^ioii continue 1 Does it go on forever? 
Hoes it go cm even as fur us we can see? 

Xo real advance upon TTerschel’e gauges could Iw made vritboiit 
photography, lioth bwause the word is iiermaneiit and ?o leaves 
you time to count anti also liecfiuse the faintness of the atars that 
you can reach is almost unlimited. 

Ijet me now leave generalities anil give you, as s«fi;iiictly as pos¬ 
sible, some details of the work I am describing. 
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The Jnetrunifiit cunsisted at h lU-ineh kns uf Iocub, with 

a 0*iiich Ieus of aT-incli focus, muuated, tngctiier witli guiding 
scopes, upon tia equatorial moimtiog cif Uio Englislt pattern. 

With t^e lO-inch lens, 17' by 17* upon the sky nro depicted upon a 
plate Ifl inches square, and to cover tha whole flpon- this seulo 206 
plates were requisite. The exposure of each plate was 2 hours or 2 
hours 28 minutes, so as to reach the faint stars. Korthcni plates 
were taken at Mcrvel HiJl, near London i the southern at the Capo 
and afterwards retaken at Johannesburg, 

There are certain defects in every lens which are practicully in¬ 
curable when a wide-angle Beld is doiared, namely, cun’atur^ of l.he 
field ami astigmatism or replacement of a point-image by two line 
oouJensations at different dUstances from tlio lens. It is the art of 
the lens maker and of the Jens user to epHt the residual errors in tho 
least harmful manner. 

I show two slides taken from the same plate. Tim first shows tlie 
center, with images perfectly round, smalt, and defined. The Eccond 
shows the comer. You see the elongations in two perpendicular di¬ 
rections eniccccding one another separated by forms tlmt suggest 
flights of beetles. That these forms sro so Httlo pronounced at some 
10“ from thft center is the proof of the excellence of lens, focuseitig, 
and guiding. It is the practice to suppress them Boraewhat by sac¬ 
rificing almost imperceptibly the definition at the center, bo that the 
smallest images are actually not at the center, but half or two-third 
the radius away. 

But this enlargement of image means diffusion of light, so tliat tlio 
instrument is less sensitive and tlm stars rc®>rdfld arc less numemua 
at the margin of the field than at the best focus. In mutters of count¬ 
ing this is very important, because it wouhl produce a f^stcniulic 
deviation. Accordingly, the average amount of Ibis deviation was 
determined and allowed for. 

It was proposed to count a suflicient number of plates to determine 
tha number of stars, zone by zone, in each of eight stones of galactic 
latitude. Actually 30 plates were employed. They are all in the 
northern hemisphere, but lie both north and south of the galuctio 
etpiator. In each count it was proposed to determine Llia number of 
Eters of eachsepanite magnitude, and here arose one of tlie most cru¬ 
cial,eBWellasdilScult,point£. Themagnitudes recorded ranged down 
to the BCTent^nth, or nearly to the ten-millionth of tlie brightness of 
a first magnitude star. It was necessary to have the scale of magni¬ 
tude correct over this wide space, becainsc any deviation would here 
again become s.vstcmaUc, ami, altering the number of stars k each 
grade, would altogether distort the estimated total of the vast num- 
the reach of counting. Yon will understand liow 
diflicult it WHS to establish an absolute magnitude scale when the 
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ILmitLog brigJitness of stars recorded Tsries upon eath plate with the 
puritj of sky and tlie elevation above the hDrizon. I will only aUiide 
to this diBhulty and say timt a scale was deteiTniiKHl and was appliiwl 
to each plate in a way that is prod^ically Ijoyouil eritioisuL Standard 
specimens of the results w^ere jfhotographed within the eyepiece of 
the measuring micjxii^oi>e for companson with the plates and were 
used for the esUmiLtion of the magnitudes of all the stars* The com tit- 
iug then pmceedei Two computers were etn ployed on the work and 
it occupied them for two yeuis. Success depended veiy much on 
skill; After the comiUng had pmeseeded for a feiv weeks one of the 
earlier plates was recounted and I he number of stars detected w^as in- 
L I'cased by 50 per cent Tlic whole of thoso curly pluto^ wetia tiiore- 
fore repeated andj fortunately for finality, suL^^iieni practice did 
not increase the niijnbers any more- Only the ma^itiide^ fnim the 
twelfth to the seven tom th were counted^ as the material already 
available for stars brigliter than the twelfth* These were found 
imrtly in some counts made ut Harvard of b’tiim frum nmgtutude *2 to 
4.5j paiily in some coimtsof Schwarzschild for tuagnitude 5 to 7.5^ but 
chiefly from the Greenwich iVstrogi'isiphic Catalogue from magnitude 
9 to 12.5, and a specijii Greenwich photometry with the Franklin- 
Adams 6-inch lens for magnitude 0.5 to 9.0. The standard of 
all these, I need ha.rdl)'' say, were most airefuliy brouglit into adjust- 
zumt. The results of this laboriniia work are contained in a table. 
(A diagram representing the table was .diowm on the screen.) is 
the number of stars of magnitude m and brighter in each zone^ its 
logarithm ia chajijed here m place of the number in order to inaJce the 
diagraiLi more compncL In this diagram is contained tim net out- 
conie of the counts^ the distribution of stars, zone by zone^ for every 
magnitude. 

All the eight curves, representing the eight zonesi. are Jndepoiideiitj 
an<l their sriuiilarityj wdiich strikes us at oncct is convincing proof 
of their reliability* They tell iis that in every zone the proportion 
of of the various magnitudes le the same, as far as the eye can 
follow. If we look closely into the nunibers it appears that tliere 
is perceptible a alight gradual increase of the proiiortion of the 
fainter stars as the galaxy is approached. Beyond thia there b n 
gradual lucreaae in density in the wdmle number of stara in the zLones, 
Eo tJmt at the equator of the galaxy it is three times as dense as at the 
poles, The progress is quite gradiml over the whole sky. The 
galaxy does not produce a ^d<]en rise in the numbers, and simply 
drops into the statistical register of the whole. kStatistlcally, in spite 
of the striking contrasts you have seen* the ** divine disorderof the 
heavens, there are no other features than this, a grrtdual condensation 
fttuoimting at the limit to threefold toward the galaxy accompanied 
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by a digbt relutive rtf the jiroportlon of the fainter stars. 

That tlie stati-sticnl de^riptiott of the distribution of the stars 
vrhen atteotioR is diverted frf>tn their mniJoRi features. 

Pacing now from the distribution in tanes to the question of the 
total number of fitirrs, the table bcloi^ exhibits the data before ua; 

TTe eee that as we take in sucresslvely the Befx>ndt tJufd, down to 
the seventeenth magnitude, the proportionate increase of numbers^ 
which is at first three per magnitude, falls progressively imtil at the 
seveiiteonfii U is less tlian two* 

Beyond ibis it is almost wholly a matter rtf inference, but the 
progression U ao oteady that Mr. Chapman and Sfr. ^lelotte have 
reduced it to a fomuila which, within the riscertained range, admiia 
of lery little latitude, and shows that at aboiit the twenty-third or 
twenty-fourth niagnitude we should luiTe reached one-half of the 
toibl, and that thia total would lie between one and tw'o thousand 
millions. 

I say it ia a matter of inferenoej lieeanse hardly any material woa 
available trt carry on the counts Two plates, however, were forth- 
coining, one by that keen <43server, Sir, D'^Esterre, Find one from 
Mount Wilson, and these when connteil confirmed the forecast aum- 
bors in reassuring fashion beyond the twentieth magnitude—that 
is to say, down to stars 100 million timea as faint as those of the 
fii^st magnitude. 


anif Ituht of Ih/* tforji. 


MmcnUu'lf- 


- 

ae.... _ 

a*-to.**...... = 

1 . 0 - ... 

to-. .. 

tSKiO.. ... 

.. 

to- 40 . .. 

achao,*.............„., .. 

... 

lao-iLO.. ^ ™ 

II.O-llOp*...,..... .. 

o^rto. ... . ... .... ■ p ■ ■ 1. ■ 

liD-KO.. -- 

-- 

iia-iAe_^.,^...... ... 

IftO-W/O....... .. 

IT.I^ULO .. ....... 

Ilk 0-14.0. * • .... . p., 

p. . . j 1 ■ ■ ■ _ , ...4 

AU stut uicM ib^ iiao^* * I * *. . . p, * 


Kfiaffuloa 

niunlK* 

lllvt 

iiviu. 


Tfiibitttii 

Dugnlluda 



aiflas. 

« f'-arJiutop 
M flHlUhUtf. 

ft 

V7 

TZ 

m 
m 
xm 
4«10 
aapUO 
Otdoo 
UiOW 
QtOOD 
. Sdl,«ID 

ton, ODD 

7,sxi,m 

|lp{H 0 .qDD 

3 S. 4 (n,DDO 

^.OdlLOOD 


II 

0 





14 


IT 

fiD 

1.1 

11 

0 ) 

W 

an 

IIS 

as 

. m 

43 

IDO 

m 

! 344 

u 

1 111 



« 

4W 

m 

fine 


m 

iO 


11 

taa 

22 

44 ft 

L 4 

im 

la 

m 

0 


3 

6 ?: 

3 , 

m 
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trfc a feeling of ii kind <>f relief in finding ihai the total is meftsnrnble 
iind, companitively ^peeking, raodemte. 

It may bo well to add n few sentences in consUierntion of the 
validity of the concliiaion^ which hi and must remain, an extrapola¬ 
tion beyond knowledge, a summation to infinity of a sorioe not com¬ 
pletely known. 

We begin by admitting thot we are dealing only with the sensible 
imiverse. Thero niuy be dark Ftars; in fact, we knoiv that tiicre ore, 
l>ecaose some of them have l>cen detected in occulting the bright ones^ 
03 in the OAse of Algol Xaturaily these are not eonnted. Sot do >ve 
reckon with the possible presence of aWrbent matter in space, by 
which the tnagnituiiles of all the stars seen would recede progreissivelj. 

that at the end of the series their light would bo extinguidied* 
Nor do wo profo^ to unravel the tletaik of gloljuliir clusters—wo 
can not do everything^ For that matter, there in inlioitc detail io a 
drop of bloiid or an atom of gas. We take the stars as we find them. 
The relevant cpiestion is the possibility of a sudden break or a gradual 
change in the progression after the SO terms that have Iwen eo 
fully examined. 

There would seem to ho a certain, kind of control in the total light 
received^ hut this proven illusory. 

TJie total of starlight m a sensible amount, but it i& very smalL 
The table sjiown, almvo is taken from a paper by lifr. Chapman. It 
show.s that for tlie ascertained magnitude up to tlic twentieth the 
total light rmitte^l er|nivalent to 6A7 first-magnitude stars, which 
iigain has been put asetpial to the hundredth part of full moouUghb 
If we include nil the remaining folloAving the formula, the 

^‘quivalent addition would he only tliree more fii^it-magnitude staTV* 
Hut this tells iis very little, for if the progrei^sion bo altered 

that the total number were infinite the total light could easily still 
lie finite^ owing to the rediieirig effect of higher magnittide. 

Wo leave OB’ our summation at a point svhere each additional mag- 
nit ode is ailding more stars than the last. If this went on the number 
would be infinite. But, according to the formula, between the twenty- 
thinl and twenty-fourth toagnitudes there is a turning point, after 
which each new magnitude adds less than before. The actual counts 
have been carried iso near ttus turning point that there is no reason¬ 
able doubt of its existence. Given its existence, the number of stars 
IS at least finite. Ttiat is a conclusion that 1 regard as open to very 
little doubt. Ais to the value of the Bum* naturally we can be less 
positive. But all the indications of the earlier terms must be mis¬ 
leading if the margin between one and two thousand mil lions is not 
enough to cover the whole. 

It is sofiir-times s^id that thn Bi'iti^ amateur a^ronomer* to 
whom in the past so much enterprising constniciion aiul so much 
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^uad and bi-i.IliiiJit obeieFvaticiii ia due. liaa disappeared. No doubt 
tJie growth of orgafimtion continues to add ^rength proportionately 
to the great observetoriesw I imagine that the ntimber of escclletit 
amaieura to be found at any one time was nerer large. While we can 
produce mwi like Mn George Higgs or Mr. FrankUn*Adanw^t wliom 
unhappily we have lately lost, or ifn D'Esterre, who happily is with 
us, we need not be arLtiuus, Prof. Hale—Uinistflf^ like Herschel and 
Gillj an amateur tnmed professjonal-“Cinco dehned an amuteur ns a 
man who pursued afitronomj because he could not help it. Mr. 
Franklin-A dams satbtfied this tesU Sir David Gill tells how, in 
XfiOS, he ciuno to the Caiw witli the “incongruous doiihle purpose” 
of curing the rhenmatiam and neuritU, which at that time almost 
incapacitated liim^ and of photograph ing the sou them iicovens. 
Wliilo the moon shcme ho retired to the sanatorium at Ciiledon, and 
at the end of a fortnight, against tho host advice, he would emerge 
to sit up at nights and expose his plates. JIo haa left the wnrld a 
great gift and happily has placed it in trust with the best possible 
iiands, tljcjee of Greenwicii Observatory, and it has Iwen dealt with 
there os it dcsenes, with the iiniissiuning coastei^ that so well be¬ 
comes that great house, by the asdronomer royal, Mr. Chapman, and 
Mr. Melotto. We can not dispense with discussion and with theory, 
and 1 would be the iaat to depreciate themt but I think you will feel 
we alwaye owe a special debt of gratitude and affection to the inde¬ 
fatigable, the truth-loving race of oi;mrvei^ 
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OUN RKPORT yOTSE^—ACTION OF THE JfAXHI SI- 
JJSNCEB AND THE DIFFERENCE BETWEEN REPOST 
NOISE AND BULLET-FLIGHT NOISE EXPLAINED. 


By Himh I'eihtt Maxiu. 


t^VIlh 7 plntcefcT 

n ipm is it is the curamott iden Uitit thei'e is s. 

single noise hesrd—the report noise. TtiHt such Ls not the ense^ nnd 
that diere arc two entirely separate nnd distinct ELoises has been 
prfJTed in u ve »7 interesting manner by the ndrent of tiio Wniim 
silencer. The history of the reseurrli work which led np to this 
device is very instructive nnd well worth recording, 

Blien the work wns utidertuken, nt the beginning the object wns 
to iintiiil report noise so that concealtnent of position, partly Attained 
b3' smokeless powder, would be completed. "RHipn the ^ring tine be¬ 
came invisible there was only loft the report noise to indicate Its 
position and also its strength or niimlier of giinfi^ 

To attain this object, it wiis tlmught only necessary to check the 
suddenness of the relonso of the high pressure powder gases into the 
atmosphere. This pressure, in the caliber 30 United States service 
Springfield rifle, was npprosiinutely lO/KH) pounds per square inch, 
when tlie base of the bullet emerged from the barrel muzxle. A de¬ 
vice must be found which would present an iinohstruetod path for the 
bullet, but this path must not be Hvailsble to tlic gas, at least easily. 

Tire scurdi for a path which would give a bullet an absolutely un¬ 
impaired passAgv, and yet would check gas at lOjOOO pounds pressure 
per sqimre inch, was a long one. For a yair it [Uirsisted without 
results. Its iniceessfti] ending came in a very interesting though 
oKtreniely prosaic manner. The essential element was n hole which 
would be pervious to a ride bullet but impervious to high-pressure 
gas. One morning, after taking a bath and pulling the plug in the 
tub drain hole, the water was given an accidental twist and tho 

3 EeprlBt!^ 1»y pfrDi^jrrkia fmn;i CoeppHtWlp tdL 3, 10 
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fjiiiliJbi- little tvhirlpotil wiia cre:it«l. It uttrat-tcd the eye und 
finully the miinl, ffince there was n hole through wbieli water wiia 
piisstitg but slowly, notwithstanding the fact that the dmiti plug 
WHS remoyed. In a flash the anaingr was apparent. It was obvious 
that centrifugal force prevented tlie water from passing throitgli the 
hole mpidly. If the powder gases in u gun were given the same 
rigorous whirling netion, they would also acquire ccntririigiil force, 
and, if their outlet hole were located at or approveimately at the 
center, they would exit relatively gradimlly. They simply could not 
exit until they had slowed down iit least a tittle. The search w«a 
ended. 

A little gns whirling device wns qnicldy made and adjusted to the 
barrel of a rifle and the find shot fired was the first quiet rifle shot 
ever discharged from a Jiigh-pou'er rifle. 

When sliootlrig was done in sovem! different places, it lieguu to 
t» nppttreut that the noise depended upon the place, at least w'hen n 
high-power riffe w'as nsed. It seemed to be impassible to eliminate a 
certain shur 3 > “crack." The character of this crack was similar to a 
whiplash crack. It was entirely different from the more dull boom 
of tljc report By accident it was found one day that this “crack” 
noise existed a long way down the range. A liidencr located at iho 
.100-yard mark on a 1,000-yard range, detected the crack noise ap¬ 
parently overhead. This indicated immediately that it was con¬ 
nected with the bullet flight in some manner and was entirely sepa¬ 
rate and afmrt from the report noise. 

Te^its were made to bring out additional fads, and some of those 
are instntetive. It was suspected that the bullet flight created a 
bow wave, errating n little zone of compressed air which moved out 
from the trajectory, and that this ware was heard by reflection. The 
person shooting the gun alw ays heard .a different noise from the per¬ 
son located at a distant point down the range. A terrain wasaelected 
on the extensive meadows on the Connecticut Kiver bank below 
Ilnrtford. where a series of dumps of bushes and small trees existed. 
There were three sepanitc clumps in front of which the bullet from 
A Springfield scn ice rifle C(»uld be made to paes, IVhcn the gun was 
fired, the listener fit the gtm heard three sepsirate sharp cracks, and 
a low rattle of tnntjy minor cracks. This pointed fairly concltisivelv 
to the fact that the bow wave wns reflected back from each of these 
cliintps, and separate noises were heard from each, because they were 
separated by enough distance to give a distinguishable interval. 

It was then thouglit that firing down a railroad track which ran 
along the open meadow, and had telegraph poles at regular intervids, 
would give a good twt This wns done, and the resiilt was a rapid 
suece^on of cracky just as had been anticipated. 
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Then it occ^irreiJ tw tli'C thut if lifi coiild fiiitj h plitce tci 

slioot when^ tlifire would be no object from which reflection could 
ocelli*^ lie ought to secure ipiiQi i?liooting* It seemed u diflicult cotidi- 
tion to find until he hethoiiglit bimself of getling up on a ktioll away 
from trees nuii oLLcr objects ;uid shooting sstmighl up into the air. 
1 here would lie no oMects irji in the iiir to reflect back the bow ^rave, 
itnd, if tlie theory were correct, such shooting diould ba almost en¬ 
tirely quiet It was with much interest that a suitahlc place was 
^- arched out One was hiuilly found, and the hriit Gritigs were felt to 
Ije of greait moment The first shot told the story^ for the only noise 
was the puff of gas from the ^lencer, wdiich fsoundeil very soft unJ 
low. There was absolutely no bullet ilight sound heard* The bc>w 
wave went on and on and never returned^ 

The next thing was to locate the of tiiis luillet Ilight noise. 

It evidently iietslstcd in certain guns while in others it never oc¬ 
curred, ivhilc m still others it occssionnlly occurred. Bullets from 
various cartridges were fii'cd mid it very toon developed that when 
the bullet velotdty reached the velwity of u sound wave, tlic erjuk 
Uta^mme noLk^eoble. When the hnllet velocity fell bfdow tim vclocity 
14 f soundj there was no crack noise- The velocity of sound then ap¬ 
peared to be the critical point above which the ordimiEy bullet could 
never be Brad quietly. It developed that tlie Sr2 caliber smokeless 
cartridges, except in the case of the longt gsive quiet shooting, be- 
cause their vdoeity was below feet per second. The long 

t^artridge appeared in sonic cases to be above this velocity tliough 
not always. There was evidently nn-uniformity. The Jong rifle 
cartriilgft was always beautifully quiet, ns was of course also the 
short cartridge. The .22 W. It. F. cartridge, which is a special 
high power, seemed to be just on the critical line. For example, in 
a box of 50 canridgeti, about half would shoot without bullet fligJit 
noise, wberefis the other half would make a loud crnrk> WilU all the 
larger caliber regular cartridges bullet flight noise occurred. By 
using epccial Wcls, they gave quid ahcxiting. In some cases 
very heavy biilkbj were ueod, and the striking energy mainhiiiicd in 
spite of the lower velocity* The iTcduced velocity of conrse reduced 
the distance Fit which accurate shooting could l)e accomplished. Two 
hundred yards always was possible, however^ with bullet velocity of 
1,000 feet per seoondt whicli is well inside of the critical pointi 
Before the question was conridered settled, it was thought neces¬ 
sary to make various fihaped bullets. Some were niade of upproxi- 
mntely perfect stream line Khnpe. Others were made with a central 
hole all the way through the huUeL A copper gas check was used 
over Uie base when firing, and tliis fell off as nioon as a bullet left the 
gun barreL There never was a single piece of evidence upon which 
to hung a theory that the noise was in the Blightest degree altered* 
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Thtri rame llic licsqre to actually soe this peculinr luanifpst^ition 
and, inddiititallj, to conclusi^-fly prove the silencer. It was always 
ft bit difficult to prove to the ordinary mind tiiat the noise heard when 
shooting a rifle eqolpped with a silencer was made oift in the air 
beyond the silencer and that the latter should not be held Hcmuntnble. 

Tlie United States Naiy, tJiroiigh their Ordnance Departmenf, 
produced the best photographs which have iieen taken. These were 
Hinde by mounting the gtm in a dai-fc room and setting up tlie cumera 
with an open ahntter along tlie line mf bullet flight, two wires lead¬ 
ing from an electric condenser were dropped down directly besido 
the trajectory bo that the bullet would slini-t eireuit these wires when 
it passed and create a spark, the duration of which was of radio 
frequency, possibly something approximately one Jive hundred 
thousandths of a second. This almost infinitely short exposure gave 
a cl^r photograijh of the bullet und the ; nria'tion in density of the 
air in tliebow wave caused a variiition in the refraction of the lij^t. 
i'ausing less light to fall where tiie pressure was high anil more light 
where the pressure was low. Beautiful pictures of tlie noises made 
when the gun is discharged were olitaincd. Some of these are shown 
herewith. A series were taken showing the noises when the sen ico 
rifle without silencer was fired and another aeries with the silencer. 
In the former, the reiiort noise is shown, the birth of the JmUet flight 
noise, und the bullet itself. In the latter the entire absence of report 
noise is diown and the very high efficiency of the silencer dem- 
ontmted. 

Plate 1 (photo I) represents the condition eiifrting immediately 
following the emerging of tlic bullet at the uiujikIc f»f the Springfield 
rifle without silencer. The two vertical wires are shown and the 
bullet is ett'i^loped in the msss of powder gases and can not he seen. 
The first wove appears to be made from a rush of air out of the 
miizsle and the main report noise wave is shown just back of it. 
being the broad darje line, irregular In places, 

Plate 2 (photo J) represents conditionB just a hit later. The bullet 
has emmged from a cloud of powder gaseo and has just begun the 
creation of its^Jwiw ujive. Tf shown puncturing the main report 
noise ivhich shows particularly strurig in this picture. By looking 
carefully the noise waves set up by flving particles of unhumed 
smokeless powder can be seen. 

Plate 3 (photo represents conditions still later and out beyond 
the disturbance of the blast of gas from the muzzle. The bullet flight 
bow wave has developed further and the greater velocity of the 
bullet over the report noise wave la very well shown. Tt is not plain 
at thi* time why the main report wave should be divided at the rear 
of tho bullet. This completes the serii^ of photographs taken with- 
out 8i]eui:%n 


aUW REPORT NOISE-MAXIM. 


197 


Plate 4 (photo A) tlic fii'st picture with Bikncer on tiie 

rifle. The bullet is shoivn emcrf^iog from the muzzle of the sikiicer^ 
the bow wave of bullet 11 igilt ooise is sliown and thej^e is absolutely 
no sigD of t\ny repoii: noi&e^ Indeed, there seems to be no disturbance 
created at nil except the bow wave from tlie bullet. 

Plate 5 (photo B) represents the conditions just e bit bter. The 
bow wave and abfl:> n stem wave from the bullet is shown, tlie dis- 
chargti from the silencer, but nbaoliitelj no report wave. 

Plate 6 (photo E) represents a still Inter period, the bow wave 
being distinctly shown and the wake of the bullet. The stem wave 
has begun to disappear^ for what reason it is not quite pkin. 

Plato 7 (photo V) represents a still Inter time and the wake of 
the bullet is the principle point of interest- TIjIb seems to partake 
of a spiral motion. The Imw wave and the rciiinanbi of the stern 
wave are shown 1 but no i-eport wave. 

Haring now einm n the conditiDiis existuig at the muzsde of a (ire- 
arm, equippetl witli a Maxim silencer, mid proving conclusively as 
aeeuiis possible that the noise of the gun is eUminated and that the 
tmly noise remaining is* the bullet flight, we may ask the practical 
results. These have l>een very carefully studied from every imagin¬ 
able angle. Field tests, accuracy and tests at night have been 
coaducteii ofbciiilly by war dcpaitments with bodies of troops 
equipped with silencers. Briefly summarir^d, these amount to the 
following; 

1. The niosit important iidvaiitag'& on a shotilder rifle eeonis to lie 
the dimlnMtion of sound tm one^s own liring line, which permita 
irflicerB's commands to be heard during periods of the most rapid and 
concentrated fire. Without the silencer the human voice can not be 
heard. 

2, Tho concealment of position of the firing line and the conceal¬ 
ment of the number of guns comprising it. This is a natural advan-^ 
tage which might lie imagined. 

S. Improvement in marksmaUBhip iTocause of reducing the tend¬ 
ency to flinch. The elimination of the concussion entirely and the 
reduction of the recoil by 50 per cent makes the modem militnry 
rifle a much more gentle gim, and the rank and file in inniimcmble 
military tests always make higher scores than wdth the bare rifle. 

I. Elimination of mu^rie flash ot night makes location of the 
shooter itivirihle. This ia supposed to constitute an important mUi- 
tary advantage, 

Tlie aspects of a quiet shooting firearm in the case of a^ssins is 
of interest. We have seen that we can not aecure quiet shooting 
unless W€ have bullet velcncity below lfiS6 feet per second. Except 
in 22-calibcr this w^uires specially loaded cartridgea for all calibers, 
7383a*—AM 1910^—-14 
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Furthermore, the Bileneer, being a gss check dcnco purely and sim¬ 
ply and applicalilc only to the mmtKle, the ordinary revolver can not 
be dlenced because of the joint between the cylinder and the barrel 
allowing the gas to escape if it is checked at the muszle hy the 
silencer. Thus the assassin’s favorite arm is unsilenceable, to coin a 
word. 

In the esae of the automatic pistol it is almost an impossihiltty to 
attach the silencer and moreover the almost instantaneous opening 
of the breech permits a back blow and usually upsets the ejection of 
the empty shell enough to cause a jam. 8o wo can not expect to sec 
the automatic pistol silenced os things stand to-4^y. The assassin 
will have to design a small arm with a breech mechanism constructed 
on the lines of a rifle if he is to take advantage of any silencing 
devicei. Such a weapon docs not exist at the pre^nt time. 
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Photoqhaph Takem Directly at Muiile of Rifle withdut Silenceh, 
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PHOTooflAPH Takgpj abowt 4 IhchEs From Muzzle of Rifle without Bilehcea. 
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Photooraph Taken about S Inches from Muzzle of Rifle without Silencer. 

KoIA liilh'ETttin) of Mutilmc ftmoktilwi wwb mutLof iniall S?ow oI ils awn. 
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PHaTOGRAF>H Taken DifttcTtY at Muzzle of Rifle with Silewcea, 









PHOTOGhAP'H Taken a&out 2 Inched ebom Muzzle of Rifle with Siu^nceh, SiLEhicEn la 1 [ngh Dumetea; Bullet is .300 Diameter. 










Plate 6, 




Photooraj-h Taken about 6 Inches from Muzzle of Rifle with Silenceil 
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Pkotogha ph T aken about 8 Ikches from Muzzle of Rifle with Silence ft. 
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Of nil the probleins of imtiire the am deserving the tllc>^d> intense 
interest is undoubtedly thtit of lifet Its soluMt*t» concerns »t Ihs 
same iiTne the icliolo range of nntumL and pUydcal sciencea, nud it 
deserves to become the objective of all the eshaustive methods of 
research non- nt their disposal. And yet among the scieooes bio¬ 
chemistry is the principal one upon which falls the task of tbU re¬ 
search, Tn fact, it is not ot all doubtful tliat, if not Hfo itself, st 
least the phenomena that it manifests in li^dng things may be en¬ 
tirely of chemical origin. 

Blit biocbttinistry itself is bawd on pure organic chemistry, Tn 
fact the fnndnmcntal condition for intelligently interpreting a 
phenomenon is to bare exact knowledge of the agency by which it 
is unfolded. Now, it is the function of organic chemistry to supply 
us in this particular case with this knowledge by establishing the 
nature of the materials of which living tilings are compoaed. 

To separate, to purify, to characterize, to analyze the innumer¬ 
able compounds derived from animals and plants have l>een the pri- 
mflry objects of organic chemistjy. But it has not stopped there; 
it has ptisbed on further to leara what moy lia callwl tbo constitution 
of these bodies; that is to soy, the actual architecture of their mole¬ 
cules, the exact place that cadi of their atoms occupies, and the rela- 
lions that those atoms bear to one another. It has siiocwded in the 
great majority of rases, thereby accomplishing an immense task ttiat 
may riglitly Iw regarded as one of the most remarkable achievements 
of human intelligence up to the present time. 

1 hasten to add that the enormous amount of labor that these 
researches have required has not had its source alone in that ^lecn- 
ladvc interest connected with all new knowledge. Chemists who 


Ht tfafi DpmlAH of tbf iilnvfT-«^TvTi1 b •wnjfkft tnf ihv bvlr^tiqn* 

bflld ftt OmeiF*, 13 15, I^IS. TTmnnlfitfKtp hf 

mlultm. fhrm UrtTaff NttfnulNjr IS-H), 1&1B+ pad frtMii ttirUrd 

" Ertnlt dm 4rch|yf<« ddK Fdetlni phnlaaiw -G^avnu lEHB,” 





200 AyiruAL brkiiit smitusonias' ijrsnTUTiOK, 

have brok^ up all th& organic molecules, who have idenliRed the 
constructive plan of thew minute edifices, Imve l>ecn urged on by two 
other motives of a far more immediate import 

The first motive is ihc attractiveness of ^thesis. It is acknowl- 
ciigd^I that the arlifidal reproduction of a mvtuml oompoimd can 
Ik- brought about only when tJie rompnsition of that niitiii-al com¬ 
pound is known in its rainulast details. Whenever an attempt is 
made to proceed in any other way, to put the cart before the hots', 
as they say, and to work liiiphiiKard, tJie rewilt js invuiiulily u failure. 
The latest example of this is the frulltcss attempts to make arlificsai 
rubber. 

In the Acond place cheniists have given their close attention to 
tiucstiona of composition beciui^ they are not slow to rocognJAe the 
fiinduuientid fact tluit all the properties of organic wmpoiiiids— 
physical, diemieol, and physiological—stand in intimato relation 
to tliis composition. It is not the (itnvntUy nor the nature of the 
materials employed in iha construction of a building that makes of 
It a church, a theater, or n railway stution. In the same way it is 
neither tlie specific kind nor the number of the atoms of a molemile 
thnt makes of an orgnijic compound n coloring matorbl, an anti¬ 
septic, or a perfume^ it is simply the way in whicli the atoms are 
grouped one witli the oUjer. To know this melliwl of giMuping will 
1« to possess the means of preparing at will ami nt one stroke any 
giv^-n new compound with predetermined properties. 

A mass of relations of the Highest interest between llie oomiwsi- 
tion and certain proi>erliisi of siibsUinws havo thus Iieen establislied 
such as tJieir color, llieir staining quality, their denssity. their fiiivor! 
their polarization, their thempeutic action, etc. But all brunches 
of this study have not been explored; in partieiiTai. no attempt has 
yet been made to connect their biological properties with the struc¬ 
ture of molecules. 

Tills is the subject that 1 should like to discuss at this time, and I 
begin by limiting it to the thi-^i following (luestionfi: 

(1) Is there a relation lictwceu tlie chemical composition of a 
substance and the part it plays in the interior of n tiring organism? 

(2) Is there a ^dition of moletiilar structure which nuikes ti 

sub^ance o^fiil, inactive, or httnnfiil in sustaining life, which 
makes it a food or a pnisonf ' 

(8) Is there a like condition by which the material of n living 
cell is diatingiiished from thnt of the same cell when dend: in other 
words, does death result in changing the architecture of the mole- 
ctilesl 

Before answering tliese questions it seems desirable to specify 
clearly with what particular phase of the theorv of constittitioTmv 
discussion will Imve to do and bo aEsured I shall limit mvself to 
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what 18 strictly iwsccssftry. It wUl be siiflicieiit for tho purpose of 
my demonstratioD to bring to your attention the prinriple of orgAnio 
vtoasibcatioin 

As the result of 50 years of put lent researches it has been ascer* 
turned that the approximately 200,000 organio compounds now 
known, however great their diversity, belong, from the viewpoint 
of their molecular structure, lo only two typea 

In the first type, tiie aton« of which they ar® formed, whether 
saturated or unsaturated compounds, are joined in a nearly I'ecti- 
liitear chain of greater or less Jength. The central part of the mole¬ 
cule forms a sort of vertebral columu to which in turn other atomic 
groups are joined laterally. 

In the second type these same atoms are joined under the influence 
of similar attractive forces, hut form dosed cliains. The stnictiire 
of the molecule is now not a string of atoms but a ring. And on this 
ring similar circular groups are applied just as the tissues of a fruit 
are built up on its stone or kerne!. 

Hence wo have the distinction between compounds with open 
chains and those with cyclic radicals. This distinction Ucs at the 
very foundation of organic clasalicatLon, It corresponds, for ex¬ 
ample, to what in ssoology is the division between vertebrates and 
invertebrates, and is not without analogy lo it, for it is founded on 
tite confonnatiou of tiie strucUirc and on the symmetry of the being, 
w'hetlier it Iw an animal or a molecule. 

From A theoretic point of view the two great classes of organic 
compounds are separated by a greet gap. But this is not insupem- 
ble. In many cases, by suitable reactions, it is possible to act on the 
molecules of substances in such a way as to close an open chain 
(cYclisation) or to break a closed chain ( cyclolyse). Thus it is possi¬ 
ble to pass experimentally from one lype to the other. 

It is true that this transition is incomparably earfer in one case 
thon in tho other. One of the churucteriatics of the closed chains is 
their stability', considerable chenical energy being always mjniiwl 
to disorguniise them. On the other hand, cj'clisation is more cosily 
effected, although it demands a certain degree of energy, r«|ninf<l 
for the bending of tho rectilinear chain and the welding of its ter¬ 
minal atoms. What are the forms of energy nee<led to produce this 
results 

Iti the first place is heat. BcrtUelot first showed this by passing 
thivugh red-hot tubes an entire scries of o^ien-cham suhsdanci.'S’, 
He thus obtained numeroae cyriic compounds, and in particular the 
greater j)art of those that in combination constitute coal tar, u by¬ 
product of gsis manufacture from which the modem chemist has ob¬ 
tained so many valuable derivatives. On tho basis of these experi¬ 
ments, Borthelot likewise founded his well-known theory of tlia 
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fortnuiiDii of TOftl tar. According to tliis theory, coni in course of 
distil Inti on is decomposed into very simple gaseous products with 
open-ehiiiji looleculc^ and these products by impact with the sides 
of the heated retort undergo cycU^tton. We shall sec hereafter whafc 
estimate should be given to this explanation. 

But the eyclic compounds are found not in coal tar ulone; thev 
are met irith in substances which have never been subjected to the 
action of great best, such as petroleum. They are foimd above all 
in abundance in living organisms nmi, in particnlnr, in plants. Hero 
the agent causing the cyclisatioii is no longer heat energj*, and a 
farther eenreh will be necessary to determine what it is, 

Firstj ho'Wever, permit me to make an observation. From what I 
said awhile ago it might appear that the properties of on organic 
compound must differ completely according to whether that com¬ 
pound belongs to the class of bodies with open chains or to those of 
cyclic form. But investigatioim so far recorded allow tliis is not 
nlways the cose. In botli groups are found alcohols, acids and bases, 
Bubstances having taste or odor and others not, sidjstances that are 
poisons, and others tbnt are hflrmle€is. Chemical industry draws in¬ 
differently from either gioup its perfumes and its expiosives, and 
jiIemi its thernjwutic medicines. Color alone seems to be found in 
connection with cyclic structure, and yet only to a Limited ostent. 

It ndght be concluded that these propertits are but sliglitly or not 
iit all influenced by the architectural structure of the molecule; that 
they depend essentJally on the nature of the external groupings 
which encircle this structure and which appear to be the same in both 
cases, ^hifi would be a strange fact. It is hard to understand how 
Eo essential a tiling, from the theorotic viewpoint, as tlie structure of 
the molecule is not reflected in the fundauieiitoi properties of the 
material. But iiccording to my personal observations this anomaly, 
which would be inexplicable, does not really exist. 1 believe I mayi 
in a measure, affirm, on the contrary, that there is always a liarmojiy 
tn the fundamental properties of the material which are regulate!i 
by the nature, either cyclic or line^, of the molecular stnicture. 
Tin-* properties are tho ones which come into play in all maJiifesta- 
tions of life. It is this which T shaQ try to prove. 

In order to study vital phenomena in their greatest simplicity, 
they must be observed not only in aiiimabs but also in plants. Con¬ 
sider then the gr«n plant, tlie orgetiism upon which devolves the 
task of tninaforming the mineral sulistances It contains into organic 
materials, and Anally into living matter, which ihe animai neeils only 
to dcroinposo and oxidize in order to utilize the energj- that thev 
contain in n potential state, 

WTiiit is the mechanism of this manelous synthesis 1 Our present 
knowledge is veiy imperfect; hut we do know’the intermediary protl- 
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acta through which this tulres place. These ai‘e the fomiio wd 
glycolic aldehydes, sugars and starch, ntunefous vegetable acids, 
aaparagin. glj'oerm, fiita, lecithins. These substances exist in all 
plants. They are found iu each living cell, together with the prO" 
tcjtis which arc e^ntiai constituents of protoplasm. They rightly 
appear then as the foods of this cclli 

However, if the constitution of these bodies be considered, the fact 
b striking that their molecules arc made up only of open chains of 
atoms. None of them sliows the cyclic stnicturo. There is thus ob¬ 
served a fundamental relation tietween the constitution and the role 
of vegetable suhstancca All those that may be legitimately conrid- 
ered os the direct and successive products of assimilation, all those 
that contribute to the building up and nourisiiment of living proto¬ 
plasms, belong to the first doss of organic compountb. 

But theee substances are far from bring the only ones that the 
vegetable kingdom fumbhes u& Besides these the plant produces 
an infinite variety of others which hutiuin industry constantly 
searches for, not only to utilize them os foods, but abo to profit by 
any of their other properties. Thus, for exnmple, the great group 
of essential oils, turpentinesj and camphors, many representatives of 
which conslatute onr perfumes or our highest pri^ condiments. 
There is also tlie long series of colorants and vegetahlo pigments, 
fr(«ii chlorophyl to that interesting group of anthocyanlns,Qr fiower- 
pigments, the systeimitic study of which is bring taken up by our 
former colleagne, Willstiitter. There are tJie various resins, the 
rubbers, the tannins, the glucosidca, the various bitter or ostriugent 
principles. Finally, tiiere are all those numerous nitTogenous and 
basic compounds grouped under the name of alkaloids and which, 
riiiefiy, because of their rcmai'kafale physiological action in the ani¬ 
mal organism, have fumislied our most valuable medicines. Is 
the part that these substanoea play in the plant the same os that 
of compounds of the first category i It b generally Ixdievcd other¬ 
wise. And yet many phyriologists still accept it to-day and see in 
these substances reserve food materlab that the plant will utilize 
when the time comes to build up its tissues. 

1 do not at all sliare this view and for the following reasons: 
These 8tibstan<?Gs seem to me not at all like the fiist, that is. indis- 
pensablp to the development of plants, since many plants do not have 
them. They are not found, as are the others, inclosed iu the seeds 
or in the roots. They are never met with in the liring cell, from 
which they seem to be excluded, but ore mainly in the tissues or in 
special receptacles where they are localized and stored separate from 
the great tract of protein formation. They do not disappear but 
on the contraly are accumulated during the life of the plant. They 
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are, then, rerUmly not interaifidiary products m tho building up of 
tUe livujg protoploam- iicareli must be made dsewbcra than in a. 
process of assamilation for tlic origin of these compounds which, 
without nutritive value for tlie plant are, however, often produced 
by it in considerable qutmtitiK. What then m tlieir origin and tlicir 
elgnificntion? 

Some years ago in connection with this subject I advanced aa 
hypothesis relating specially to alkaloids. 

This hypotliesis having been accepted with some favor, 1 eitend 
it to-day to all compounds of the same character. I admit that, far 
from being products of assimilation, they are products of denutri- 
tion. They represent the losses of vegetal metaboliam. They cor¬ 
respond to what among animals are urea, uric add, glycocoU, biliary 
pigments, etc. It Is, in fact, not conceivable that the biological syn¬ 
thesis of proteins, any more than synthetic nperatiotis in vitro gen¬ 
erally, could bo made with a theoretical yield, without leaving some 
secondary products, some residues which could no longer be utilized. 
Conversely, using the tissues, alUhe phenomena of tisaimilation and 
of combustion must produce in plants as well as in animals some 
corresponding losses, nitrogtnoua or otherwise. 

All llie^ products are mu simply useless, but they are iujurioua 
to the maintenance of life. They represent poiaons from which the 
organisms of both kingdoms must be freed at any cost under penalty 
of toiicntiMi. The aaima] can do this by expellmg them; but the 
plant, deprived of cjccretory organs, cun do this only very imper¬ 
fectly. It must bo content to retain tliem and is restricted to render¬ 
ing them uioifeiiBive by keeping them otitside of the vital circulation 
and preventing them from reentering the living cell from which they 
have been expelled and from exerciBing their toxic influence on the 
protoplasm. And we find that it does this, for the compounds in 
question are never found actually present in, the interior of such cells. 
The cell wall thus beenmes a sorting plare of useful and poisonous 
substances; it is permeable to the first, impermeable to the second. 
Can sn explanation be givvn of tlie mechanism that ngulates this 
sorting? 

No phy-sical characteristic Isueli os solubilitv, ionization, die col- 
JoidiiJ or cTTstalline state) distinguishes the two kinds of substances 
from each other. No dilTerenco in chemical composition exists be- 
twren them; they are formed of the same elements, which are Ihose of 
protoplasm itself. It clearly follows, tb™, in my opinion, that onlv 
a difference of nioteculur structure can explain their opposito 
havlor. J^t tis now eeo what is known of their constitution. 

Eesearches in this subjwt have led to the remarkable result, the 
final consequences of which are not yet known, that all these products 
are cyclic compounds. The carbon atoms of the turpentines, of 
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camphors, ami of iumiitia, tlie cariion and o^rgon atoiua of the 
the curbim and nitrogen atoms of chlorophyll aod of 
all the alkaloids, are uniformly joined in dosed chaim 

Wo haTo seen that it is o,^actly the reverse with the nutritive sub¬ 
stances of die cdL 1 sec plainly in tliis diifevent disposition of the 
atoms the reason why the molecules of one group should penetrate 
the living edh and why those of another group would be e^cludeth 
A stLttigJit wire will penetrate a luirtow oiling if introduo^d end- 
w'ise, hut will not pass if made into a ring. Likewise the inter- 
molecular passaged of the cellular w'aUs permit the passage of the 
flciible strings of open chains w^hile they oppose the entrance of the 
massive and rigid rings which form the cyclic molecules. 

Iforeover tho wji^te prodiictn of metabolism arc primarily bodies 
with open chains, like tho substances from which they are derived. It 
is therefore only after an impact that they acquire the cyclic structure 
which renders them inoffensive* There is here a reaction of the 
living plant against the toxic substances tlmt it produces^ and this 
reaction consists in a modilication of the internal structure of LhcdO 
substances; the plant is defended ngainst these poisons by eyclking 
theju. There are Uieiefore in the vegetal organi^n two paruUd 
processes of E^-nthesifi, one which, leuniiing the uimus by simple 
juxtaposition, forms the long oE>en chains that will result in the 
fomiatiou of the. complex molecule of the proteins, the other, carrying 
on a veritable street inspection, cleans the organ ism of all the detritus 
left over from the lirst syntheah, Isolating aU partielea no longer 
uv aibible for constructive metal>olism as well as tho^ thrown oil by 
destructive metabolism. 

This hypothesis, being announced, it remains to verify it by ex¬ 
periment and to sliow how cjclisation operates in the plant. Thd 
is what I now proceed to do, at least so far us It applies to Uie alka¬ 
loids. Starting with the idea that, in organic synUicsis^ the best 
way to attain the end is to imitate nature, I have always sought in 
my attempts to urtificjally reproduce vegetable aikaloids to work 
under condition:^ as nearly asj po^ible identical with those of the 
living plant. This idea has been followed in recent work in my 
hiborutory by MM. Gam^, Spengler, Kay, and Jlalinow^ki, und by 
Mile. Finkelatein work has been carried on upon the synthesis of 
berberine and a number of the alkaloids of opium, 

Wq have uniformly chosen as the i^iirting point of our operations, 
on the one hand, such 3 nbs>tanocs as mte known to be foimed in 
plants by the decomposition of the proteins, und, on the oUier hand, 
compounds, such os formaldehyde, w^uch are derived in part from 
Mie carbonic acid of the air. Tii the condensation of these with each 
other we obtain certain cyclic ulkaloitls identical with Uiosc pro¬ 
duced in vegetable tissues. 1 have thus succeeded, in coliaborutiun 
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with M. ClioUj in directly obtajjiing eertsiin alkaloids, hydrolyzing 
in viti'o tile nlbumens themselves in the preface of foiroaldehyde- 

It therefore seema well proved that the alkaloids have thck origin 
m the plant by eyellBotion of the products of decompositioii of the 
proteinsj andj hy analogy^ it jostifiable to attiibute the same 
origin to all simllBr compounds. 

In wa observe a complete parallelism in the two grand 

cfivisions of organic compounds, between the form of their raolecitlav 
Btructure and the rule Uiey play in the plant organism. Only coni- 
|K}imds with open elialns are capable of maintaining life in this 
organismj while compounds with closed chaLiMST found in abundance 
in certain plimts^ are merely wanfo products^ without nutritive 
value, rendered inactive by the fact of their cyclisation. An ideal 
plant ought to contain none at uU. But a serious objection is at 
once raised to this conclusion Any chemist or botanist will make it 
He will say: In the list of substances which, in the plant, do not 
contribute to the formation of its protoplasin* you have omitted the 
most importontr cellulose, that materiab morphologiceilly indispen¬ 
sable, which, in all plants, forms the cell walls and ducta and play a 
a fundutneutul rok in the mechanical protection of the protoplasm 
by affording the covering needed for its organization into more or 
less rigid and reais^tant tkatica 

It seems indkpeiisabk, contbues my opponent, that the sub^ance 
upon which this function devolved should possess h chemica] sta¬ 
bility stifHciont to resist the multi[dc activities carried on within the 
plant. It must bo independent of the general acdon of mctabolistn. 
If the ideas tliat yon have developed are correct, they saiy, ihk 
independence would result from its molecular structure, and cdln- 
lose, like every other comjKjund that the plant eadndcs from its 
vital actirities, would posai^ss the cyclic structure. But all chemical 
treutise:!ii place cellulose, as well as starch, omoug the open-chain 
compelunils; and tliis fact alone is enough to overthrow the entire 
basis of j otir tlieory. 

I recognize that this objection would be unanswerable if it restwl 
on solid ground; that is to say, on an exact knowledge of the con- 
Gtitution of cellulose. But this cronstitution has not yet been de¬ 
termined, mid the analogy with felarch is not enough to establish 
it I believe, on the contrary, that cellulose should be far removed 
from starch in tlie classLfiaition and be plat^rl among the com¬ 
pounds of eyclic structure. A series of experiments that I have 
^•a^ried on with Mil. Ramseyer and Bouvier offer proof of what 
I advance- These experiments bring out the following consider- 
iitions; 

The rhemiiMl phenomena which cause the decojn|K)sition of the 
plant after its desth vary according to the conditions in which 
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they take place. If the plant be left to itself in the open air ita 
nitrogenDus materialii ut onee undergo lapid putnifaction with the 
formation of annnottlui which is restored to die aoil^ and carbonic 
acid, which retaroB to the atmosphere. The nonnitrogciioua omte- 
riale, imd m particular cellulose, resist much longer, but they also 
finally disappear, due to a slow combustion of which the agent, 
cither direct or indirect, is tiia oxygen of the air. 

If the dead plant, instead of lieing left in the open air, is more 
or less covered with earth, this action of the oxygen is ceturded, 
and the formation of earth molds are aided, substances very little 
known from the viewpoint of chemistry but concerning which we 
do know they are products of the incomplete oxidation of cellu¬ 
lose and present some characteristics of phenol, tiiat is, of cycliu 
compounds. 

If, finally, these same vegetable materials are entirely protected 
frem the action of the air, either by submersion in water or by being 
buried deep in the earth, as occurs in gieat geological displacements, 
they undergo none the less a alow transformation. But thb is no 
longer an oxidation, it is a deoompoaition of a special character, the 
principles and agencies of wliich wo do not know, although we do 
know perfectly the final products. These are our fossil fuels of 
various ages, as lignite and bituminous and anthracite oonU. There 
is no doubt that in this inatance it is celluloae which furnishes the 
essential materia! of coals^ In this transformation the cellulose 
loses a part of its oxygen and hydrogcu, und is consMiuently enrichwl 
in carhon. But this decomposition taking place ut low temporeture, 
iiffecta only the periphery of the molecule; the carbon nucleus is not 
affected. U must therefore be admitted that the fundamental struc¬ 
ture is the some in coal as in cellulose, and that debcrniiniug it in the 
former estublbhes it at the same time in Uie latter. 

Hafortimately, though coal has been used for tw-o centuries as a 
fuel, though for a hundred years there have been obtained frem it by 
distillation thi-ee products of such great industrial importance as 
illuminating gas, coal tar, and coke, yet there remains an almost total 
ignorence of its chemical nature. Can you infer its nature from the 
products of this distillation? It is known, as I have said, that coal 
tar is fomued exclasLveJy of cyclic compounds. It is the same with 
coke. The fact that it furnishes aromatic acids by distillation as¬ 
sures us that tlie atoms of carbon which compose it are united in 
closed chaina Can it be said that the some rtcucture may be at¬ 
tributed to the materials as to their derivatives? Such an inference 
would seem to bo absolutely imjustified, because during the distilla¬ 
tion of coal these materials hare been subjreted to temperatures of 
StJO* to 1,000®, and we are told by Berthelot’s experimenits that thea 
temperatures are die cause of the cyclisation of all tlie open chains. 
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Tr Avoid the force of this objection, it would be neeessury to elLmi- 
nato tlie cyclimiig actioo of bent dtiring tho decomposition of coal. 
This 19 what I have attempted to do with the assistance of my two 
expert eoliaborators. In operating the distillation of ca«l in vacuo, 
so as not to admit of ao mciiiase in temperutnre above 450°, we ob¬ 
tained a special coal tar and a new hind of coke. But in Undying 
this vacuum cuai tar and coke wo bare assured ourselves that cadi 
of them, like ordinary coal tar and coke, are exclusively of cyclic 
naUire. Wo conclude from this that the cyclic compounds pre¬ 
exist in cool and certainly form its major part. From these es- 
Ijcrimental results there follow, in our opinion, the three following 
conclusions: 

(1) Bertliclot’s theorr of the foTmation of coni tar can not be con¬ 
sidered as accurately interpreting tlie facts. All the derivatives of 
coal tar whicli chemical industry lias utilised in such a brilliant nuin- 
ner, are no longer believed, as formerly, products of heat action. It 
is not nt all to tiie heat of die gas jets that is due their welt-known 
aromatic radical so rich in valuable properties. Thi.s radical al¬ 
ready existed though in a more hydrogenated condition, in the 
plants of the carboniferous age. All chemistry of the aromatic coni- 
puimds thus owes a dependence on plant chemistry. 

(2) Vacuum coal tar is in reality nothing more than pctrolenra, 
having Its odor, density, liitoresi'ence, and weak rotatory power. All 
the definite compounds that we have derived from it are found to be 
identical with those other compounds isolated from the petroleums 
of Canada, California, and Galicia. We therefore verifj- for the first 
time, a relation of a chemical order between these two natural prod¬ 
ucts of eiicli high importance, coal and petroleum. Does this rcln- 
tioii imply a common origin, and can it serve as an argument for those 
who claim that petroleum, coal, Ie of plant origin ? For ray part 
I believe!», but to enter into a discusaion of tliat point would be too 
far from my subject. • 

(3) If coal, as we believe we have demoiistruted, is formed of a 
mixture of cyclic substances, one could hardly fait to attribute tlie 
same structure to cellulose, which, of all tlie substances contained in 
plants, is tlie one that plays the greatest part in the formation of 
coal. Tho objection thot my opponents would make in this respect 
therefore falls and luy hypotliesia conversely finds a new example for 
its support. 

With one span we will now bridgo the entire distance repareting 
the first products of plant assimilDtlon from its final product, 
namely, living mailer. And it should be iinderetood at tlie outset 
tliat 1 employ this term “Uvlng nuater” only us an abbreviation, 
and to avoid long circumlocution. You should not, in real ily, attri but® 
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1i fc to the matter itsself; it has not, it cim not Iiatc both living mole- 
culea and dead molecolifS- Life requires an otganization, Tvhidi is 
lhat of cellular structure, hut it remains, in contradistinction to it, 
QUt^de the domain of sltict chemisti^^. 

It is none tho less tnie that the cemtent of a living cell jiiust differ 
in Hs cheuiiciil nature from the content of n dead cell. It is cnlireiy 
from this point of view that the phenomenon of life pertains lo ray 
subject. It is therefore from this view point that it remains for me 
to esaniine whether the ideas I have presented can be used for it^ 
interpretaiicin. 

A living cell, both in its chemical composition and in its morpho- 
logii.Tjl stnicttircy is iin organism of extraordinary comple^cily. The 
protoplasm that it indoses is a mixture of very diverse isubstances* 
Rut if there l>e set adde on the one hand those subjtaiiccs wliich are 
in process of assimilation and on the other those which arc the by- 
products of nutrition, imd which are in procciis of elimination, there 
remains only tlie protein or RlbarainOiis stibstances^ and tlieae must 
he consldci'ed, if not the es^ntiul factor of life, at least the theater 
of its manifestations, Thipse aloner in fact, possess those two emi¬ 
nently vital faculties of building up thoir moleiuiles witlitn the cell 
itself and of reacting to the fsHghtest influences of a physicsl, chemi¬ 
cal, or mcchnnicul nature. They are therefore classified among the 
most reactive organic compounds that we know, and it ia their very 
reartivitY which makes them tlie aiipportera of vital phenomena. 
Duritig the life of the cell they are in u state of perjiettnd transfbr- 
tnuiiof], and 111*0 found in a state of stahTe equilibrium only upon the 
death tif the cell; or, better to say, this death is only the result of the 
fitabiliisatinn of the protein molecules. 

Is tills stabilillation a ehcmiciil process, in tbe sense that it brings 
about a modification of the molecular sstriictiirei To ascertain if 
such be the case, and what this modification is, it is necessary to 
know the constitution of both living albumen and dead albumen, 
(’hemistr}", however, is totally ignorant^ or ncEirly so, of the consti¬ 
tution of li^dng alhiimenj for chemical methods of investigation at 
the vej:y outset kill the living cell. The slightest rise in temperature, 
contact witli the solvent, the very powerful effect of even the mildest 
reactions enusa the transformation that needs to be preventt^, and 
the chemist has nothing left but dead alhtimen. 

It is therefore only dead ftlbiinien that chemistry has been able to 
studio Thanks to the investigations of a host of eminent men of 
selenoe. we now know, if not in alt its details, at least in great part, 
the constitiition of the albumens. It is known in particular from tbe 
special point of \4ew that occupies onr attention, lhat the extremely 
complex molecule of these bodies is formed of an assemblage of a. 
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very great number of chains, aome of which are fonued wholly of 
CHrlxtii atoms, otliera of atoms of carbon aufl of nitrogen, btit which 
for tlie most part are of closed chui&a. The nlbumena obtained from 
dead tissues are tlierefore of cyclic st-mcttire. 

Is it the same with th<h$e albumens which still form an integral 
pjirt of living protoplasm; and how Jo we know this? A veiy inter¬ 
esting obrorvntion of Loew will be odered as a Iteginning of my 
answer to these questions. Loew has stated that all those chemical 
miciiona which in vitro are susceptible of attacking the aldehydes 
and the primary Imscs, or which act on tlie aldehyde and aminog^n 
groiq;® which characterise them, that all tliesc reactions, «ra invii- 
rinbly poisonous to living protoplasm. Those sumo reactions are, 
on the Ollier hand, without any inJlnenoe on dcod albumen. Ivoew 
logically coticltidcs from this that tJie molecule of living albumen 
Inrloses the Said groups, while the molecule of dead albumen no 
longer possesses them. 

These two groups nf iitoius, throiighonl the whole extent of or- 
pnic chemistry, possess some very active though opposite character¬ 
istics which tend to react upon one another by an interchange of 
their clcmenta. Thbexchange does not bike place in living nlbumen, 
since the two groups are her© in a coexistent state; this becomes 
effective on th© death of the cell, for neither of the two groups cm 
any longer be discovered in dead albumen. 

The stabilization of the protein molecule would therefor© be due 
according to Loew, to the saturation of tlie ong by the other of theae 
two gionps. This observation appears capital to me: liut its author 
has not at all. it ^ems to me, followed the concltimotis to their end. 
I will ti^’ to do this for him. 

On account of their veiy nature these groups of atoms of which 
I speak could not in any case form an integral part of a dosed 
chain. B<.th being monoi^lents they could form part only of open 
chains. Their existence in liii-ing albumen, therefore, lieee^rilv 
implies the presence of these chtiins. Rut the union of two atomic 
groiipiDgs forming part of an open chain could not be made iijiless 
there was a closing of this chain: at the some time the disappearance 
of two active groups necessarily also involves the loss of a part of 
the activity of the resultant complex, just as a man who joins liis 
hands or cro^ his arna Joses to a great extent hia means of action. 

The stabilizaiimi of living albumen, therefore, involves a cvclisa- 
tion. In dosmg the open chains in tlicttisclves the albumen of the 
cellular protoplasm enters into ©qitilibrium and repose^ Its period 
of activity is ended in the same way as that of all the substances 
which have contributed to its maintenance. For those and the 
others cydisation is death. 
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lu. this disa it is a tnumenlflt'.v death, understand, And destined to 
bo followed iiftsr more or less delay by a isaurrection wliiiib brinp 
back into circiiUtion the tempomrily Inert atoms. It is clear, in 
fact, that if all eyclised molecules should indafinitcly persist in that 
state all life would soon disappear from the Eiirface of our glolw, 
but then all that 1 havo said applies only to organic ct^pounds 
which form part of the living plant, ’Vnieii n plant dies other 
agents intervene which proceed more or less rapidly to tho deatriic- 
tion of uU the nioleculCM and to a general decycUsa tion, Tlte dead 
plant forthwith beootnea a priEO of tho microbes of piitrofaction, 
which attack its albumens, and of the osydiaing fermunts which 
bum its oolittloee. Or we may snbatittite the digestive ferments of 
herbivecoiis animals, which are equally cyclolitie. Here, as else¬ 
where, the vegetable and animal kingdoms are complements one of 
the other and interdependent, and these same atoms, passing from 
one to the other ui the uggrogato of diverse strLctures, Btudain Uie 
eternal aiistoncc of both. 

Such are the considerations that i proposed in submit to yon on 
the relations existing between molecular structure and life. 1 have 
raised only a small corner of the veil that hides tim mystery, but 
I believe 1 have answered tlie three riuestions with whicb I began, 
by showing: (1) That the phenomena of life are dependent upon 
0 . special stnicture of the orgivnic molecule; (2) that only tho dis¬ 
position of atoms in open chains [leniiits the mnintenance and tho 
manifestations of life; (3) that the cyclic structure is that of the 
substances which have lost this faculty; and (i) finally that death 
results, from the chemical point of ^iew, by u cyclisation of tho 
elements of the protoplasni. The serpent which bites its tail, tho 
symbol of eternity among tlie ancients, might well became, to tlie 
modem biological chemist, the symbol of death. 

I have spoken only of plant chemistry. It remains to examine 
whether my interpretation can apply lUcewiae to the phenomena 
whicb take place in the animal organism. But I can not, nor do 
I wish to, longer tax your patience, for I have already taken too 
long II time in testing it 





IDEALS OF CHESnCAL IXV'ESTIGATION." 


By TUKODoaE WiiaIam Itrciu*Det 


In the present address ! slioll try to put iTefnre you some of the 
ideids of chemical investigation. Our present efforts mid our hopes 
for the future are founded upon past acquisitions; therefore I sdiall 
call your attention first to the gtaduiJ development of chemistry* 

than tliree centuries ago ivn outspoken student of nature soiue- 
thnes faced the grim alteriietive^ of escommuiucetion, imprisonment^ 
or death. To-day he no longer needs to conceal his thoughts m 
cryptic speech or mystic syrnholieni* Although the shadow of in- 
comprehensibility may still darken the langnugc of scicncei mystery 
is no longer necessary to protect the scieiitific investigator from per¬ 
secution. The getierally recogniaed value of the truth with'm his 
domain gives him the right to esist* 

The courage needful for the task of adtlresdng tliis august assem¬ 
bly on ]L topic concerning chemistry is, therefore, of a different order 
from the courage rtx]uired for such u task In the. days of Galileo. 
The problem to-day is not how to obscure the thought, but, rather, 
how to elucidate its inevitable cojiiplications. 

Modern chemistry has had a manifold origin and tends toward a 
many-sided destiny. Into the fabric of this science men have woven 
the "thought of ancient Greek philosophers, the magic of Arabian 
alchemiats, the practical discoverjcs of artisans and ingetiious chemi¬ 
cal experimenters, the doclrine of physicists, the stem and uncompro¬ 
mising logic of mathematicians* and the vision of metaph^-Eical 
dreamers seeking to grasp truths far beyond the reach of mortal 
sense* The complex fabric enfolds tho earth—indeed, the univecee— 
with its far-reaching threads* 

The history^ of the complicated evolution of chemistry is pro¬ 
foundly dgnificant to the student of human thought. Long ago, at 
the very dawn of civilization, Hindi] and Greek philnsophers were 
deeply interested in the problems prtssented bj the nature of the uni- 
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Terse. They speculated intelligently, although often with childlike 
nuTvet^ concerning energy and the structure of matter, but they 
forebore to test their speculations by esperiment. They buildol 
better than they knew j their ancient atomic hypothesis, ardently sup¬ 
ported but inadequately applied two thousand years ago, now finds 
itself installed in the innemiost recesses of chemical theory. Inde¬ 
pendently, ancient artisans and medieval alchemists, dealing with the 
mysterious actiiul behavior of things, acquired valuable acquaintance 
with simplo chemical processes. After much chemical knowledge of 
facts had been gained alchemy sought the aid of pliihusophy. Tlnis 
little by little oi<ler was brought into the chaos of scattered e.vpc- 
rience. But strictly chemical knowledge alone was inudequate to 
solve the cosmic riddle; it had to be supplemented by knowh'dgo of 
heat and electricity—ageneies which produce profound altcratioits in 
the chemical nature of substancea. Thus the study of phvsics was 
eombinetl with that of clicmistn-. Again, since matliematica] gen- 
erolioBtion is e.s3cntial to the study of physics, this discipline also 
was of necefisity addtKl to tlie others. All thciie powerful tools taken 
together having failed to penetrate to the ultimate essence uf things, 
imugination is invoked, and physiocheiitical dreams to-day conceive 
a mechamsm of infinitesimal entities far beyond our most inarching 
powers of direct observation, 

Chcraiatty has not grown spontaneously to its present estate; It is 
[t product of human mentality. The science which we know to-dav 
is but an echo of the etermil and incomprehensible music of the 
spheres “ ns heard and recorded by the minds of individual meo. Im¬ 
personal and objective although matter and energy may be, their 
appreciation by man involves much that is Eubjective. The history 
of science, like all the rest of human history, is, as Emerson said, 
“ tha biography of a few stout and earnest peraons,” 

Bohert Boyle, self-styled “ the skeptic^ chymist,"’ a gentle spirit 
skeptical only ofthe false and vain, pune-minded aristocrat in on age 
of corruption; Ifikhail Lomonosoff, poet, philosopher, philologist, 
and ecientific seer, far outstripping contemporary understanding; 
Antoine l 4 «voisier, whose dear mnid first taught man to compre¬ 
hend, after thousands of years, the mighty stolen gift of Prome- 
tlicus: John Dalton, Quaker peo^nt, who found convincing ehw ntn^i 
evidence for the ancient atomic hypothesis; Michael Famdav n 
blackmnith^s son, w hose peerless insight and ext mordi nary genius 
in esperimert yielded tlieorctical and practical fruits beyond tho 
world's most daring dreams—these men and a few sscoto others are 
the basis of the history of chemistry. The science has not come mto 
being, Minerva-like. fuU-^wn from the hrain of Jove; she has 
bran bom of human travail, nursed and noatighed from feeble in- 
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fancy by human caretakers^ and siic secs the univem to-day through 
haman eyc^ 

Ttio diversified origin of chetnistry has shfiped the varied oon- 
tcmporHiy- application of the science and its many-Eaded destiny in 
the years to corne^ Chemistry has wide theoretical bearings, but at 
the same Lime is conceded with the crudest and mtyst obvious affairs 
of maniifactum and everyday Ufc. Chciniciil knowdedge mu^t fomi 
an e^ntial part of any intelligent pliilosoph}' of the nature of the 
univotse, and alone can satisfy ono iitanifesiation of that intense in¬ 
tellectual curiosity which to-day, no tlian of old, yearns to 
understand more of the fimdamentat nature of things On the other 
hand, rntiwial applied science to-day mu^ f(>Uow in the footsteps nf 
the swiftly advancing strides of theory. The laws of chemistry cjsn 
not be adequately applied until they have been discovered^ Chemi¬ 
cal insight, concerned with the intimate changes of the substances 
w'hicli are all about i,ls uS well q 8 w ithin our botlics, fi^rFitshes us witfi 
the only means for oinploying material thlug« to tbo Ix'tit advantage. 
Chetiiical processes appertain in large degree to medicine, hygiena, 
agriculture, Eind juaimfaeturc; these processes depend upon Inws of 
which the perfect imderstanding h essential to the ftili development 
of most of the activities of civilissed life. 

However oblivious we may be of the inexorable laws of chemistry^ 
we an? ever under their sway. Our consciousness is housed in a 
mortal shclh consisting primarily of compounds of less than a score 
of chemical elements. The physiological behavior of our bodies is 
inevitahly associated with tlie chemical changes or reactions among 
highly intricate chemical unions of the^ few eleuient^ The driving 
tendency or immediate cause of the reactions which aiipport life ia 
to be foimd in the chemical aBinities and respective concent rations 
of the save nil substances. Our bodies are. chemical machines, from 
which w ’0 can not ea]ape except by quitting our earthly life. The 
nature of the chemical elements and their compounds therefore pre¬ 
sents one of the most interffiting and important of all problems of¬ 
fered to mFinkind. That the ^udy of chemical problems of life is 
consistent with the study of man in a biological, a psychological, or 
a spiritual senso is obvioiiR To-day the epigram ** The proper study 
of mankind is? man” must be greatly broadened in order to eotre- 
spond with modem knowledge- 

These words rega^rding the origin and significaneo of chemistry 
serve as an rntrodnetionH Your committee Ims honored me by the 
rwpicst that 1 should tell you soinetbing about the object and out¬ 
come of my own endeavors, and these could be made clear only by 
reviewing the peculiar nature of chemistry- In my case the in- 
ccfitive to the pursuit of gcicncae was primarily that intoitso curiosity 


216 AXlfUAL IIRPORT SMITliSONlAN ISSTlTUTIOJf, IDllI. 

concarjiiug tUfi nature nf things whk’li echoes down th« ages frotu 
tha time of the ancient philosophers. To the feeling of euriosityf os 
time went on, was added the perception that only through a knowl- 
edge of tlic fundanienial laws of choniistiy enii men use the re* 
sources of the world to the best adruntngo. i\jiy further gain in 
this knowledge mustt sooner or later, directly or inditeeily, give 
mankind more power. Even an abstract chemicnl generalioation 
must ulUmately be of priceless scnice to humanity, because of tho 
extraordinarily intimate relation between theory and pnicticei. 

The field is wide anti it is traversed by many patli& ^Vniong these 
one must be cbosen and persistently followed if progress is to be 
made; and in my case that one a'ss the study of the funflaniouUl 
attributes or properties of the chemical elements and the relation of 
these properties to one another. The work was undertaken w-ith the 
hope of helping a little to lay a solid foundation for our under¬ 
standing of the human environment. 

What, now, are the fundamental attributes of the elements * Kirst 
and foremost among these stands the manifestation of tho 

all-pervading and mysterious force of gravitation possessed bv all 
forms of matter. Hand in hand with this attribute of weight goes 
the equally inscrutable property of inertia—that tendency which 
(anses a body once in motion to keep on moving forever in the same 
straight line, if not acted upon by some new force. The idea of 
inertia, conceived bv Galileo nnd amplified by Sfowton, was one of 
the starting points of both modem philosophy and modem physica 
So for as we know weight and inertia run parallel to each other." Of 
any tivo adjAcent bodies, that having greater weight has also greater 
inertia. Hence they may be determined at one and the saiiiie lime, 
and this Siamese-twinlike conpinction of properties establishca 
itself at once as perhajHi the most fundamental of all the iittribiite!i 
of niiittcr. SText perhaps comes volume, the attribute which enables 
matter to occupy space, with the corollaries dealing with the cluinges 
of Toliioic catteed by changes of temperature and prcisare. Other 
fundamental properties arc the tendency to cohere (which bus to 
do with the freezing and boiling points of the liquids) antj 
mutual tendency of the elements to combine, almost infinite in its 
diversity, which may bo moasu^ by the energy changes manifest¬ 
ing themselves during the reaction of one substance with another, 
Tliese arc only a few of the important properties of the elemenW 
but they present an endless prwpcct of further itiveatigatlon, in si>ite 
of all that has been done during the past hundred years.' For as 
yet we know only the surface of these things, and comprehend but 
little as to the underlying connections l«tweeii them and the reasons 
for their fleveral mpguitmle& \^^ly, for example, should oxigen Iw 
a gns, having ati alomic weight just four times as great as that of 
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hdiujii, and why should H ha vs lin iatense aflinicy for sodium and uo 
iifTmity whalev^sr for argon or fluorine? No man can aiisv^-er t\i^ 
qiiej3tionf^; he Can discover the facts, but can not yet aceount for 
ihenjt The roasons are as obscure and elusive ae the mechanism of 
gravitation^ But tve sbsli not realty understand the material basia 
upon which our life is built until we have found answers to questious 
of this aorL 

In order to correlate the properties of the elements* and to attain 
any comprohetisiou of their significance, me must first exactly ascer¬ 
tain the facts. Therefore, toy endeavor has been to Institute sj^g- 
tematic fierjes of experiments to fill the gups in our knowledge of tho 
nctiiiil pbCJiomenii, In much of this work 1 have had the invaluable 
aid of efKcient colIaboratorBj for which I am grateful* 

Tlio Rtcanie weighty were the first of the fundamental properties of 
the elements to receive alteniion in carrying out this plan. These, 
an everyone who has studied elementary chemistry knowa^ rypre^nt 
the relative weights in w^hich aubstnnees coinbine with one another* 
Tliey are called atomic T^vcights rather than merely combining pro- 
|x>rt]on5, because they can be cxplaiued satisfactorily only by the 
uKsumptiori of definite particles which reraaiu iudivisible during 
chemical change^ Even if gome of these pnrticlos or so called 
"" atoms suffer disintegration in the mysterious processes of radio¬ 
active Cmnsformation, the atomic theory remains tlic best inter pro- 
tLitioii of the weight-ii^iaiions of all ordinary ehcmical inaction. In- 
<leod, il. is entrenched to-day as never before in man^s history. 

The deterruination of atomic w^^ights is primarily a question of 
analytical cbemistry^—a question of w^cighiiig the amount of one 
sut^nco combined with another in a definite compound—^biit its 
sucoesafut proaecutton involves a much wider field* First, the sub- 
stances mtist be prepared and weighed in the pure state, and* next, 
they must be subjected to suitable inactions and again wei^ied with 
proof that m the process nothing has been lost and nothing acci- 
flentally garnered into the material to be placed on the scale pan* 
These requirements involve many of principles of the new 
physical chemistry., so that the accurate detemunation of atomic 
weights m-illy t)eIorigs os much m that field as in the field of ana¬ 
lytical chetnistry. 

At Ilaiward during the last thirty years the values of the atomic 
weights Iff thirty of the jiiost freijuently occurring among the eighty 
or more chcipica] elements have been redetermined. From data 
fieciired here and elsewhere la compiled an international table of 
atomic weights, revised frorn year to year by an authoritative com- 
mitt^ composed of representatives of various nations. Tlie values 
thtis recorded ure in daily use in every chemical laboratory through¬ 
out the world, serving os the hasia for the computation of count- 
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ItiiiS anal^eos p^r fonueti by Lhu anii-lytjcul cUemist, wliether for tcdi^ 
nical or for jicieutiBe piLrpus£i& 

This practical utility of atomic '^'eights, although not forgotten, 
was not the prime incentive in the work under discussion. The 
real inspiration leading to the protracted labor of revising theso 
fundamental quantities was the hope of finding some clue os to 
the reasons for their several magnitudes and for the manifest but 
incomprehensible relationships of the elements to one another. 

The nnsolred cosmic riddle of tlic meaning of Ute atomic weights 
may have far-reaching aigniBcanoe in imothor direction, because the 
atomic weights may bo supposed to hold one of the keys to the dis¬ 
covery of tbe mechnnifim of gravitation. The mutual attraction of 
the earth and sun, for example, must be due to the countless myriads 
fif atoms which compose them, each atom posse^ng, because of its 
own appointed relative atomic weight, a definite if Lniiaitesimal gravi¬ 
tational force attracting otlicr atoms. If we could discover the rcu- 
sntis for the individual atomic weights we should probably gain a 
far better understanding of the uU-embracing ioive built up of the 
infinitesimal effucLs represented by their individual magnitudes. 

Among the striking foots to bo considered is the constancy of 
gra^'ity (and therefore of the sum total of the weights of all the atoms 
concemetl} os ultown in many ways. Moreover, not only is the sum 
total of the weights of tbe atoms reninrkiibly constant, but also in 
many coses tlio values for the individual elements are found to be 
numbers of amazing constancy. Silver from all parts of the world 
and from many dilfercnt ores yields always the same value; copper 
from Europe has the same atomic weight as the native metal mined 
under the bottom of Lake Superior; and yet more wonderful, the 
iron which falls from the sky in meteorites having their birth for 
beyond the terrestrial orbit has precisely the same atomic weight 
as that smelted in Norway. Many atomic weigUla therefore must 
be fiuppoeed to be constant, whatever tbe source of the elementa; 

Although dius we know only one kind of copfier and iron and 
silver, evidence bus recently been discovered which points toward 
the oxistence of at least two kinds of metnllic lead. Every sample 
of ordinary load always has exactly the same atomic weiglit as every 
other sample; but lend from radioactive minerals—lead which iwems 
to have come from the decomposition of rndittm—has neither the 
same atomic weight nor the same density as ordinary lead, although 
in many properties, including their spectra, they srem to iden- 
fieat. This recent condusinn, reached only two yeare ago at Har¬ 
vard, has been confirmed in other laboratoric®, and it now seems 
to be beyond question. Whatever may be the ultimate interpretation 
of tbe anomaly, the solution of this cosmic conundrum must stirolv 
give us a new idea of the CBseatinl nature of matter. Indeed, the 
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fa«;itiating subject of radioactirity bids fair to give us iu man}* 
ways an entirely new insight into the innermost structnre of the 
atom. 

During the progress of the study of the combining proportions of 
the ekmenu, it become more and more evident to me that the atomic 
weights should be conmdereJ not only in relation to one another 
but also in relation to amny other essential distinguishing properties 
of die elements. This wider prohlem involved a great extension of 
the experimental field. 

Among oilier attributes of the various forms of matter, compressi* 
bitities, surface tensions, densities, dielectric constants, heats of re* 
action, and electromotive forces have begun to receive attention, and 
already many neiv datn have been accumulated. The explanation 
of the nature of these researches would take us far beyond the .■fcope 
of this present address, hut their object deserves attention. This 
objeet is the correlation of tlie various properties into n consistent 
whole, in tlio hope of ti-acing the unknown physical influences which 
determine the nature of the elements. 

The rigorous science of thermodynamics ennhles us to predict in 
logical and precise fashion some of the relations between physical 
properties. My hope is not only to aid in providing accurate experi¬ 
mental basis for cdculadoiis of thk kind, but to achieve the 
correlation of different properties, apparently independent of one 
another from a thermodynamic point of view, thus, perhaps, etiahling 
one by inductive reasoning to penetrate further into the causes 
which lie back of all tJie attributes of matter. 

In attempting to follow tliis inductive path cranparisons of the 
properties of tlie elements have been made in two different waj-s. 

On tlie one hand, a given property of one element has liecn com¬ 
pared with the same property of another. For example, the ques- 
tiim, ** Which of tlie two elements, cobalt or nickel, has the heavier 
otomF* was answered by parallel determinations, ilring the same 
methods, conducted aide by side in tlie Inborntory. Cobalt was 
found to possess the higher atomic weight. 

On tlie other hand, the attem]>t has been made to discover a rela¬ 
tion lietwevn the different, apparently quite distinct, properties of a 
single element. For e.xAmple, one may ask r Have the low melting 
and boiling points of phosphortis any connection with its small 
densiW and its large compressibility?’* Here one compares various 
properties of the same element, and one seeks to discover if all are 
bawd upon some common, ultimate characteristic of phosphorus, of 
which the properties are merely symptoms. 

The inductive methods used in comparisons of this sort can not 
be explained here. They are partly stathtical, partly mathematical. 
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mid piirtly grupUical. From the net lire of the problem, which in* 
volves many unknown viirinbles, perfect matheumticnl ciactness is 
not to be exp«tw]. Nevertheless, little by little, one may hope to 
trace the conflictiiijf tendencies and mtcribe them to a fc« common 
causes. 

With the help of these methods the tentative conclusion has been 
reached that the space occupied by tho atom and molecule in solids 
iind liquids is highly significant, Tlio acturtl atomic bulk or volume 
is dimini died hut slightly by nioderate mechanical pressures and 
hy cooling even to the absolute zero; but it is ^-ery greatly affected, 
iippfirently, by the mutual nttractioim of the atoms, called coheaioii 
and 1 ‘liemicnl allinity. Usually tiie less volatile a stibstance (that is 
to say, tile wora firmly it h held together by cohesion) die greater 
ia its density and the leas is its compressibility, otlier things being 
equal, (ireutcr cohesion is associated with greater compactness* 
Likewise, the cxustence of powerful chemiral nfllnity between ele* . 
ments forming it compound is usually associated w ilb greet decrease 
in volume! iliit-iug the net c<Mibination^ nnd consequent incre4u$E> in 
the denmty of tho product in relation to the iivei-ngjo den^ty of the 
conKlitu^ni^a- Tims, we cim liJir^lly esenpe the inference thut boib 
cofie^ien and aflinity, by pulling llie utoms togetlier with enormous 
pi-ea^urc!^ actuality eSisrt » compressing effect upon the ntoma. or at 
leaHt upon the space whieli they demand for their occiipaition. The 
result of each of these com pitting ngeucieis is found Ui be greater 
the greater the compnseaibility of the sulifdancet; concerned— a new 
evidence of tho rcaisonableness of tiie inference- Not ulwajs are 
lliese offecti^ easily traced^ because the situation is often complicated, 
and the sevoDi! effects are superposed. Nevcrtlieless, enough evi¬ 
dence has l>i>Cn obtained to leave hut Ultle doiibtT at least in 
piv mlndf to the manner of working of tho esseivinil agencies 
coucernecl. 

But we need not dwell upon this tentative hyxxjthefas. Many 
more data and much more thought are necessar^^ to establish it in on 
impregnable position, although no important incofi^&tency has tlius 
far bwn pointed cut in it. At present it may be looked upon as 
valuable because it- like other hypotheses of this type, has stimu¬ 
lated thouglit and experiment concerning the fundamental facL^ 
witJi which it deals. 

As the years go on. the recent contributions to the study of atomic 
weights and volumes and other properties will be sifted and tested: 
and such contributions os may stand the test of time will take their 
places among the multifarious army of accepted chemical fact^, 
laws, and interprettitioos accumulated by many workers all over the 
world. 
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But ws may ivdl 5 isk: use m th(5 y^rs to com* vriM pinu- 

kind uinke of this knowledgi' gtiiuod step by stop through tho eager 
Ktudy of many luvostigutoi^? 

Chemistry hjis, iiiileed, n tuajiy-sided destiny. A mero c*rtjilogue 
of the eoimtlm (ippljcations of tJi© science^ which uudorlies muny 
other and arts^ woald demand time far esceeding the limits 

of this brief discatjn^. Some of the more obvious uses of chemistry 
have I>ecome daily topics in the public pitsi America is grinitially 
awiikeniitg to tlse consciousness that, been use every material object 
is composed of chemical clement^ and possesses its properties by 
virtue of the of these dements, chemistry entei-s more or losa 

into everything. We perceive that chemical manufactures mu$t be 
fo^;tei-eii, IInd also tluit chemical knowledge i>o applie<] lu iiuiny 
other industries not primarily of a chemical nature. Although 
chemistry plays so prominent and ghastly a role in war, her greatest 
and most significant eontrihiitions are toward the arts of peace- 
Even exploaives may ho highly Iwndkent; they may open tunnels 
and desti^^y reefs, furthering friendly oummuiiication between men; 
dig ditches for irrigation; help the farmer in his planting; and 
in many other ways advance the ronstmetive nctivities of mankind h 
A gMifit p^iisonous gii^t conlimHl timl harnessed within safe limits, 
may render valuable aid to humanity iti preparing piecioiis suh- 
stanccfi other wise nnattuimibloL 

Such obvious and well-rcct^irjed ofiices of ehemisiry nccil no 
further pre^ntathm to thia intelligent company. Neither U it 
necessary for me to call your at tent ion to the services which science 
iiuiy render to agriculture through the chemical study and enrich¬ 
ment of the soil in preparing it for the development of those subtle 
chemical mechanisms called plants upon which we depend for our 
very e?cistence. 

There is a further beneficent possihilily worthy of more than pass^ 
ing mention—namely, that which arises from the relation of moderu 
chemistry to hygiene und medicine- Already your attention has been 
called to the indisputable fact that the human body is, pbyriologi- 
ratty considered, n chemical macldne. For this reasont future knowl¬ 
edge of chemiciLt struct lire and of organic reaction may |>erhaps 
revolutionize medicine as caMiipletely as it was revolutionized by 
the devoted lobors of Pu.stctir—not by doing away with lus price¬ 
less acquisitions of knowdedge, but rather by amplifying them. 
Chcmhlry may show how germa of iliscase do their deadly work 
through the production of subtle organic poisons, and liow these 
peuBons may he combated hy antitoxins; for hoUj poisons and anti- 
toxins are complex chemical substances of a nature not beyond the 
possible reach of chemical methods already known. In that far-off 
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but not inconceivable day when the human lHKi.v may bo imJerstood 
from fl cliemicui standpoint wo shall no longer be unable to solve 
tlje in sort) table pnobloius which to-day puzjiile oven the most learned 
hygienist and physician- Is not a part- at least, of the tragedy of 
disease a relic of barbarisni? A. race which conld have put ns much 
energ)^ and ineenuity into the ^udy of physiological chemistry as 
tntinkind has put into aggressive warfai'c might have long ago 
bariialied many diseases by discovering the chemical abnormalities 
which cause them. 

May not the study of subtler questions, such as the nature of 
heredity, abo lead us finally into the field of chemistry in our search 
for the ultimate answer} Even psychology may some time need 
chemical assistance, since tlie process of thinking and the ttausmis- 
sion of cerious impulse are both inextricably associated with chemi- 
t-j] changes in nervous tissue ^ and oven memory mav be duo to some 
subtle chemical effect. In the realm of thought there can bo no 
question of the bleised service already performed by science in dis¬ 
pelling grim superstitions which haunted older generations with 
deadly fear. 

Ill brief, more power is given mankind through the discoveries of 
('.hemistry. This power has niiuiy beneficeot possibfiities, imt it mny 
he used for ill as well as for good. Science has recently been blamed 
by superficial critics, but she is not at fault if her great potentiaUties 
are distorted to serve maJignant ends. Is not this colamitr due 
ratlier to the fact that the spiritual enlightenment of htimani^ has 
not kept pace with the progress of ^euccl Tlie study of natum 
con load an upr^ht and humane civilization ever higher and higher 
to greater hcaitli and comfort and a sounder philosophy, but that 
same study can teach the ruthless and selfish how to destroy more 
elliciently tlian to create. The false attitude toward war, fostered 
by tradition and by tho glamor of ancient strife, is doubtless one of 
the mfineucffi which have held back mankind from a wider applica- 
tion of the Golden Kule, 


the Ideals of science and 
otlier high ideab of human life. \V jt], deep inright, a poetic thinker 
on life s probleina, m the opening lines of a sonnet, has said: 


Fpnr aet to j?! wlicre f(?nrl«}i Scipiwe icnJa. 

\V*ho ai.lJ« the kci-s of 0«L Whfli nlfoilnK Ji^bt 
Tlilne ejes uiseern In that sumnnUSiij; nijtht 
WTience tne have oime. , , , 


Thy fioul will never flnil tbat Wrona la RlubL 

Our limited minds are confined in a limited worM ■ 

.W. „ .U Oo. bri., 

?n Ii ^ inconceivable amns of the past and the proeLt of 
Illimitable ages to come. Both infinity and eternity are beyo^ ouJ 
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meotal grasp. We know that we can not hope to understand oil the 
wonders of the imiTersei but, nevertheless, we raoj be full of hope 
for the future. Step by step we gain in knowledge, and with eaeh 
step we aiMiiiire better opportunity for improving the lot of man' 
kind and for illnminatlng the dork places fn our philosophy of 
nature. Altltough we shall none of us live to see the full develop¬ 
ment of the help which science may render to the world, we rejoice 
in the belief that chemistry has boundless service still in reserve for 
the good of the liumau race. 



THE EARTH; ITS FIGURE, DIMENSTOXS, AXD THE 
CONSTITUTION OF ITS INTERIOR.* 


By T, C. CUAKimiJiT, IlAHBY FlEUtlKQ flRD;, JOUN F. lUtrOBD, IlDl] PKA^CK 

SCBUeaiicoBi. 


I. 

THE X^TERIOlt OF THE EABTH FROM THt3 YtEWrOlNT OF OEOIiOOT. 

By T. G. ChaHbolet. 

For eotne timo past thet'O bas been a marked drift of geologic 
opinion from tiio older tenet of u molten earth toward the conriution 
that the earth is essentialJy solid. This trend tma been cjuite as much 
duo to the contributions of kiudred sciences as to tlie growth of 
geologic evidence, but geology has made its important and concurrent 
contributions to it. 

The great granitic embofisments that constitute tlie most die- 
tinctive feature of tlie oldest known terranes were formerly regarded 
IIS Golidilied portions of a primitive molten earth and thus seemed to 
fienc as witnessea to the verity of the former litiuitl state. \ few 
years ago, however, it was determined—almost simoltaneously in 
several countries where critical studies on those formations were in 
progress—that these granitic musses arc intriistvo in older formations 
that had previously been formed at the surface of th« t’or/A. These 
surface fumiations have thus come to iitanii as the most aiicieut ter-* 
raiies now known. These earliest acce^ible deposits imply the pre- 
e-visteuce of a suitable foundation formed at a ^ill earlier date. 
Neither the surface sediments nor the mtrusives give uny clear 
intimation that formations beneath them are different in origin from 
themselves. So fur, then, as the record runs, it testifies to suhstuntiul 
validity in the outer part of the globe. 

Tlie record implies, indeed, that some molten matter was present, 
hut gives no certain messure of the ratio of the molten to the solid 
pnrL At no stage covcied by tlie lithographic record, inileed, is there 
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detemiin.at(* <?videuce tlnit n molten comlitioa, was prepoDilenuit 
even in the interior* The interior conditions of the earliest as ivclj 
as the ]nt^r stages are to be reached only by indir^t rather than 
immediate inference. Under the influence of inherited presump¬ 
tions, it may seem to many still probable that the interior of the 
mature earth was once dominated by a molten condition at some 
remote stage, but the evidence of powerful inthrnsting of the igoeoiis 
element into even the earliest terranes^ so often shown in the oldest 
intrusions, seems to Imply that the molten clement was ever in the 
strong grasp of stresses of Ihe type normal to p rigid globo^ This 
harmonizes with the belief that tlie Liquid matter was then only u 
minor and passive factor, not a controlling one* 

If the caiUi were once wholly molten^ the runtertal for all the 
stratified r^icks of later ages must have Irteeii derived fniin the pritiii- 
tive crust after it was formed and forced into positions of erosion, 
or else from matter extruded through it This primitive feeding 
grountl sliouldt it would seem, be a autahlo feature on the geological 
map- The absence, according to present knowledge^ of any great arai 
of rocks bearing the distinctive characteristics of the sujjposed con¬ 
gealed surface greatly weakens the assumption that the postuintod 
molten state ever obtained, nl least in Lhe mature earth, 

A study of the stress conditions of the interior of the earth seems 
to call for a dmilar reversal of the inferences once drawn from the 
igneous rejcks* From the carhest weU-rccorded ages, the exterior of 
the earth has given evidence of broad topographic reliefs taking the 
form of great etnbossnenU and broad basins. ThesB surface con¬ 
figurations must have conditioned the localization of extrusions and 
the deployment of the effusive material If the lavas arose from a 
general and abundant source of supply which was responsive, to gen- 
end and powerful stresses, vestiges of these conditions ehould be 
found in vast volumes and broad deployments of the lava floods. 
If. on the other hand, the molten mEterial formed but a fraction of 
the w^hole mnaE, and was variotislj distributed through it, the result 
should b© a multitude of driblets squecsied out here and there in such 
special situations as the controlling stresses required, or else a multi¬ 
tude of limited intrusions forced into weak portions of the earth 
body w*hen? the stresses were less imperative. The latter rather than 
the former seems to accord ndth the testimony of the record. 

Now there is abundant geological evidence that the earth body 
has been subjected at repeated intervals to strong compre^vs 
stream by which its outer portion has been folded into mountainous 
ranges or pushed up into great plateaus, while mosses of con¬ 
tinental dimenEions have been raised, relatively, to notable heiglits, 
and Uie bottoms of basins and deeps have sunk recii>rocfllly to even 
greater relative depths. The internal stresses which those defonuu- 
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tiotia imply should have made thcinsBli'<!s fi>lL pTOportiouatel}' oti 
njiy great mass of liqtud in the interior, if it ’nrere in oxiMenee, 
Btid estrusionii proportionate to the greatness of the defonnatioiia 
siiciuitl luive accompanied such diastrophism. But, \rhi1e liquid ex¬ 
trusions took place somewhat freely at tho times of great dios- 
trophism, it was not. nt least in my judgment, at all coititiwnsurato 
with the deformative stress implied by tho disstropliic results 
shown in the solid material. 

Nor was the topographical concent ration of the cstrusions iiulkn* 
tivo of their origin from a molten interior or from really great 
residual reservoirs of liquid rock. If such ample sources of liquid had 
existed, they might nutttrally Iiave been expectefl to have given forth, 
under the great strttsstHt then seeking eiiscnienl, comijqjondingly great 
floods of lava which would have gone far to fill the great basins into 
ivhich tliey must chiedy have flowed. Vet no single Java (IfUKl seems 
to have attained more tlmn an extremely small fraction of the mass of 
the earth, or even of the known solid matter of the immediate region 
of the outflow. Even when the sum total of the most massivu scries 
of successive floods in a gi ven region are taken together—tiiough tlio 
Eucecseive issues stretched over a considerablo period—they rarely 
rise above n most insignificant fraction of earth mass, or even of tho 
regional segment of it ivitii which they are n,ssoeinted. Instead of 
really massive flows, implying ample sources of supply and great 
forcia of extrusion, the reco^ shows rather a multitude of little 
ejections or injections of more or less sporadic distribution. The 
logical implication of these is the prccxistetice of a multitude of 
small liquid spots, or liquifiable spots, scattered widely through the 
stressed earth masses and yielding to stress ns local conditions re¬ 
quired and where local conditions required. 

This inference is pointedly supported by the great variations in 
altitude at which lavas are now given forth and scam to have Hlwa}'^ 
been given forth so far as the record goes. The most impressive 
illustrations of this are found in current volcanic action where the 
relations in altitude are precisel 3 ' known. So far as ancient condi¬ 
tions can be restored, they appear to fall into the same general class 
as existing conditions. Current ontx>ourings of lava renge from the 
sea bottom to nltitudes of many thousands of feet above sea level, a 
vertical range of several miles. Extrusions occur at these signifi¬ 
cantly diverse altitudes simultaneously or alternately or in almost 
any time relations, and sometimes in the moat marked independence 
of one another, in spite of the natural sympatliy which such events 
might naturally manifest in a common stressed body. A multitude 
of facts of detail, some of which are singidarly cogent, imply that 
the lava sources of present volcanoes are discOTinected from one an¬ 
other in the interior, and are hence independent in action, as a rule, 
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thosigli Eornctime^ they show gymputhy without s^howing evidence of 
licjuid connection* The Boiitces of lava seem to be merger in general 
iimi the eruptive agencie^i seem to be controlled by narrowly local 
ronditioiLS. There b an absence of evidence that the hivn,f in the 
craters or in the necks of volcAnoe^ ai^ parts of great liquid mas^ses 
below, responsive to the common Presses of a large region. 

Thus geological evidence^ when critically serntmis^d, seems to be 
distinctly adverse to tlie esisteiioe of even large reservoirs of molten 
matter within Uio earth; it points rather to the pi-esence of scattered 
spot.s relatively, on the verge of liquefaction, which pasa 

hy stages into the liquid form and are then forced out by the dif¬ 
ferential blresses that abound in the eartli body, or are embodied in 
the liquid itself, each such local liquefying c&nter commonly giving 
forth driblets of lava and gas at intervabp none of which often rise 
to more than an estremdy minute fraction of the earth mass or even 
of the subterronenn mass: contiguous to the volcano. 

A revised view of the nature and location of earth stresses seems 
also to he required hy what is now know of earth conditions. Ciider 
the former ilominance of the tenet of a mol ten globe it was natural 
to assign to the stre^^ di(Terences of the earth a distinctly sujicrficial 
localization and limitation; they were thought to be aCTections of 
"the cTust^ ulmoati solely- Hydrc^tatic pressures were of course 
recognized os affecting the deep interior, but these were obviously 
balanced stresses* and were ineffective in deformation- The stresses 
aiippoficd to give rise to the great reliefs of the ourtli’s surface were 
thought to be very siiporficiaL But the stresses imposctl by known 
deformative agencies are not all superficial nor are their intensities 
alwayff greatest at the surf ace. According to Sir Georgo Bar win, 
the strest differences generated in the earth by the tidal forces of 
the moon are from three to eight times as great at the center nf tho 
earth as at tlie surface, also, according to the same nuthorlty, the 
iftressK? ctigundertHl hy changes in the rotatiou of the earth arc from 
three to eight times as great at ihr center ns at the surface and nre 
gradcii between i^enter and surf a re. The tidal stre^ differences are 
relatively feeble but are pcrpettially renewt'^l in pnhatory fashion. 
Thcise that arise from rotation belong to tlie highest order of com¬ 
petency- The Stress €Ufference that would arise at the center of the 
earth from a stoppage of the earths rotation would, according to 
Darwin, reach 32 tons per square inch- Changes of the rtite of rota¬ 
tion are almo^ inevitabk when great diastrophic readjustments take 
place- Such periodfi are to be regarflcd as critical times nt which 
great floods of lava should be poured forth from the interior if liquid 
luatarinl were there ill great volume ready to respond to the changes 
of capacity which the deformations of the earth s sectors and the 
ebangets in the spheroidal form w ould inevitably impose* 
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Not to deUin you with other eonsidefation^ the foregoing bocip 
beiit to compoil with ati esseiiliaUy solid state of the e 4 j.rth-s Intorior, 
if they do not point rather definitely to such a state. Even jf they 
stood alone^ tliey wouJd seem to make a prevailiag solid state the 
most tenablQ working hypothesis 

But they are far from standing alone; tJie geological evidences are 
strongly Bupiwted by ooiisidcrationa that spring from several 
kindred lines of inquiry. Tlie testimony of Ublrunomic ovidenoo 
is given below by Dr, l^lesinger. The import of seismic ^udiv% 
the subject of Dr. Eeid'^ eontributionf lends very siiecial supi>ort to 
the view that the interior of the earth Is diistico-rigid at least to the 
C3:tent that distortional waves pa^ through its inlerJon It seems 
certain already that thb condition prevails throughout much more 
than half the volume of the earth; concerning the reat^ the deep 
interior, the seisnuc evidence is perhaps still to be regarded as indeter- 
luinutCn But on the seismic evidence it dciee not fall to me to d^vell. 

The tidal studies of Jleckei% OrloiF^ and others lend support to 
the tenet of a rigid earth but they fall $omcwdmt short of con- 
clusivcness. The brilliimt esperimentnl determinations of llichelson 
and tialo, correlated with the computations of Moulton^ have carried 
the evidence to the point of preliminary demonstration^ They need 
only to bt^ ndef|ilately repeated and verified to become final, so far 
at least as elastic rigidity can be indicated by the response of the 
cLirth body to solar and Junar ntt met ions. The special fcatui-e of 
mo$t critical value in the demonstratlons of Miehelson and his cob 
leagues is the high degree of elasticity sliown by the almost instan¬ 
taneous response of the earth to the distorting pull of the tide- 
producing bodies; This cuts at the veiy base of concepts founded on 
the supposed properties of a viscous eartk The^ tidal determi¬ 
nations of elasticity are in close accord with the seismic evidences* 
The two ai-o happily conipkmentary to one auothor. The one 
deals with the cartli as a whole under a rhytluniarl seriea of in¬ 
creasing and diminishing stress difierences springing lixun c^Ltcr- 
nal attractions; the other deals in an intensive vibratory way with 
earth substance by sharp sliort stre^es that call into action its most 
intimate structiiml qualities While it h wise, no thuibt, to refrain 
from resting tiio much on tJiese early results of relatively new and 
radical lines of inquiry, until their results sihall bo more mature, 
their prospective import is radical and decisive in favor of a solid 
earth not only^ but of an elastico-rigid earth. Assuming that the 
present impcjit of these inquiries will be amply jiisiilied by more 
mature research^ it is pertinent to bring into consideration Ihc 
eorollnry they m distinctly imply, vik* tliat tlic molten and vi&icousi 
material in tlie earth, or at least Ut its outer half, if not throughout 
its deep interior, is a negligible factor in general studies, and enters 
73830"— BM ima—-16 


230 ANN'UAL IIZPOHT BMITIJSOXIAN IKSTITtJTlON^ 1^16, 

into general terrestrial mediniiieB only n subsidiary feature. It 
seems necessary to limit liquid and viscous lacuufe—if there are lacnnne 
In any proper ut all—to such modei^ate dimensions that they do 

not strionsly kill out distortional waves passing through the outer 
half of the globe in various direciiona, for seismic instruments show 
that these waves retain their integrity with surprising tenacity 
through long traversesL It seems equally necc^sswiry to limit the 
liquid and \d 5 e 0 us factor rather severely if the interior structure is 
to be susceptible of so prompt a response to twelve-hour strcj?s pulses 
ns is implie^l by its almost complete elastic fidelity. 

In the light of these determinations;, strengthened not a little by 
their contrnirence with the later geotogieal detenu in ntions, the work¬ 
ing h>TK>thesra of ihe earth student can scarcely fail to take shape 
according to the dynamic tenets implied by r rigid earth. 

Tile limitation of liquid and viscoiis matter thus imposed quite 
radically conditions a) I tenable views of magmas and of smlcanism^ 
and thus bears ujx^n the origin of igneous matten No small part 
of [j^trologic effort in past decades bos been spent on the differentia¬ 
tion of magmas. To a notable degree thoi^e efforts have pfoceetJed 
on tho a^umption, conscious or tinconscioiuL that differentiatiQn took 
iLs departure from an originnl homogeneous magma such as might 
nrise from residual portions of a molten earth, indefinite lapses of 
time* and euch conditions of quiescence' as are natiiniUy assignable 
to residual reservoirs of lava, have been freely assumed as working 
conditions witliont much question as to their reality, Under the 
hypothegia of a molten earth passing slowly into a partial! v solid 
earth and retaining residual laeume of molten matter mb no incident 
of the change^ these afisnmpticna aro quite natural- On the other 
hand, under the hypotheab of a pervasively rigid cartlij affected by 
ijtrcss conditions that are constantly varying in intensity and in dis¬ 
tribution—and subject to more radical changes at times of periodic 
readjustment—the esietence of such residual magmas becomes at least 
quefitioniibk, perhaps improbable- Still more questionable is the 
a^^^oimption that the multitude of little liquid spot.a gi^pposed to arise 
within the elastico-rigid mass always have conformed £0 one tvpc or 
to^o set of types^ The inherent probabilities of the case ^?eeni £0 
point strongly to a wide variation in nat\ire of these local bodies due 
to selective solution or to differential fusion. The liqtiefying action 
that brings magmas into being under this view is presumably con¬ 
trolled by tho Eame chemkaJ and physical prindplesns the solidifying 
phases of the same cycle. The logical presumption is that at all 
stages of a magnia^s career from its inception through its growth* 
climax, and decline to its final solidificatioru selective action will bo 
in progress more or less and that no stage will be entitlecl to be 
regarded as original or parental in a special sense, such ti sense* for 
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exntnpk, 115 might be appropriute if the lava were the resiiluo of an 
iniieritcd origiiml state and were merely dllTercntiat«I by fractional 
crystullization a 5 It passed toward soliiUfication. 

While these eontrosted views of the history of magmas are nat¬ 
urally connected with views of the genesis of the earth, they are not 
liiniteil to this connection. They are Inherent in the very relations of 
solid and liquid matter; they have a more or less important placa 
irrespective of the earth^e genesis; th^ would raise even keener ques¬ 
tions than they do if the earth were supposed never to have hud a 
genesis, hut to have always existed. 

An element of no small importance to a revised concept of the 
interior of the earth hus arisen from geodetic studies on the dla- 
tribution of densities within the earth. As the geodetic point of view 
Is to be presented by its foremost exponent. Dr, Hayford, it is per¬ 
missible for me merely to refer to certain geologic bearings. 

On the oEsnmption that the earth was once in u molten state, tho 
inference Is unavoidable that a perfect state of isostatic equilibrium 
was originally assumed by the surface, an<l that its primitive con¬ 
figuration WPS strictly spheroidal The material must hiive been ar- 
ninged In concentric layers according to specific gravity, and each 
layer should have had the same density at every point- All such 
reliefs of the earth's surfaco as Lav® sinre arisen as well as all such 
differences of specific gnivity as now exist in the same horuioii must 
luiyo been superinduced upon this originally perfect isostatic state. 
With good reason therefore these inequalities have heretofore been 
supposed to bo relatively shallow. It is diflictilt to account for them, 
then, oven liypothetically. On the hypothesis (hnt the earth grew up 
by heterogeneous accretions, it Ls an equally nutiinil inference that 
differenctB of specific gravity extend to great depths. Tn an en¬ 
deavor to find out the bearings of geodetic data on the distribution 
of densities. Dr. llpyford tested four assumptions, nil of which he 
found measurably compatible with his geodetic data. From these ho 
derived the resp^ive compensation depths of 37, J09, und lTt> 

miles, these being the horizons to which difierenras of density e.x- 
tended ond below which they vanished or became negligible. Now 
all these depths are notably greater than had been assigned aa prob¬ 
able depths of difierentlation in t he traditional molten earth. On the 
other hand, the highest figure. 170 miles, was dcrivcfl from a rune 
drawn apecificutly to represent the probable distribution of densities 
in an earth of plnnetesimal growth. The distribution represented by 
this highest fi^ire fits the geodetic data quite as well as either of the 
other a6sum])tions of distribution, though drawn on n strictly nata- 
ralistic basis. I f it could be raid that grofletic data demonstrate that 
the actual dilTerentiaiion of specific gravities e.xtends to depths of ^ 
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tLe order jiMiieil, such cotisidcrable depths vould distinctly fuvor an 
arcrctionnry origin ns ugalDst u molten origin. But the deteroitnu.- 
tion is incondusi%'e. 

tMiile it is possible, within the broad terms of the planctesimul 
hypothesis, to suppose that the rate of secretion was so fast as to 
give rise to a molten planet, such a result seems to me extremely 
improbiihle under the actual conditions of the case. The growing 
planet should have become capable of holding a conaidcrablc atmos¬ 
phere by the time it attained one-tenth of its present mass, i. c., alx>ut 
the mass of Mnrs, After tliis the protective cnshion of the atmos¬ 
phere should have greatly checked the plunge of the planctcsimals 
and thus have largely dissipated them into dust in the upper atmos¬ 
phere where the ineviLable beat of impact would be promptly ra dinted 
away. The dust presumably floated long and came gently to earth, 
£0 that, while the total heat generated by impact was liu'ge, the mean 
temperature of the earth body was probably never above the local 
solution or fiimon point of the more refractory material during the 
later stages of growth, and perhaps not at any stage of growth. Fol- 
lowing out as well as may be the probable rates and conditions of 
growth, the most tenable concept of the state of the earth's Interior 
under the plunetcaimal hypothesis is follows: 

The condition of the nuclear portion supposed to be formed from 
one of the knots of the parent spiral nebula and constituting n minor 
fraction of the mass of the earth, say 30 or 40 per cent, is left in¬ 
determinate by present lack of knowledge of the physical state of 
tha knots of spiral nebube. If these are gnseouo—^which is rendered 
doubtful by their lack of strict sphericity^Iie nucleus was tloubt- 
le® originally molten. If the constituents of the knot were held m 
orbital relations, their aggregation might have been slow enough 
to permit a solid state of even this portion. The matter added to 
the nucleus os planetemmal dust, or as pIonetesdmslB reduced in 
mass and speed by the atmosphere, protiably retained its solid con¬ 
dition, with negligible exceptions, throughout the process of ac¬ 
cretion, except OS selected portions passed into the liquid state and 
became subjeet to extrvisive action. An intimate heterogeneity not- 
unilly prevailed throughout the whole mass so aggregetiaL A se¬ 
lective process, however, probably brought in the heavier matter 
faster and earlier than the lighter matter, for the inngnetisni of the 
earth stiould have aided gravity in gathering in the magnetic metals, 
while the ineln.'-iic planetesiinals, predominantly the heavy basic 
ones, when in collifiion destroyed the opposing components of their 
motions and lienee yielded to the eartJi’s gravity sooner than tha 
more elastic ones Relatively high specUic gravity in the materia] of 
tlw deep interior is thus thought to have arisen at the witect and to 
have been increased by the selective vujeanian that came into action 


THY. INTERIOP. OF THE EARTH, 


233 


as growth prooeeJeil Si>ecinl eni}>hasis is laid on the selective 
nature of vulcanism otider this hypothesis The inttmati^ mi slur* 
of plniictesinials and planeteshna] dust gnve rise to a multitude of 
mini!to contnet^ t^etweeii partietes of different chemicnl and physical 
properlies, arid hence there arose wieJe differertce$ io the solution 
points; Asi the teinj>eratiire m the growing planet ro^Ci the more 
soluble portious passed into the lic[iiid slate hy stages long liefore 
the remaining larger portion reachwl the temperature of soiiiliom 
In a Pressed glolie oertuin of w]io!>e stresses are more inteoi^e to¬ 
ward tlie renter than toward tiie surf are j the sohiiions were forced 
to work in tJie direction of least resistance—for them generally out¬ 
ward—carrying out beat of liqnofaction and leaving behind the 
soluble largei- portion whoso teinperatures were inadequate for fur¬ 
ther liquefaction until there woa a l^ucwed accession of heat. The 
nicclianism tlius automatically tended to remove the most soluble con¬ 
stituents by prtsgnessivfl stages, while it tended to presem^e the solitl 
condition of the remaining mass. The hypothesis thus supplies a 
working merhanifitn retculU fall into full accord with the statics 

of tlie interior implied by tidal investigations and by seismic data, 
wliile the distribution of specific gravities naturally assign able under 
it accords well w'ith the best geixletic determination thus far mode. 
The adaptation of such uii earth to isostatio adjustment can 
scarcely be more than hinted at here. The growth of the earth 
should have given it a concentric structure^ wJiile its highly distribu¬ 
tive vulcanism^ together witii some of it$ deform ative processes, 
sliould have given a vertical or radial structure, the two con joining 
to give a natural tendency to prismatic or pyramidii! divisions con¬ 
verging toward the center. The most powerful of all the deforma- 
tive agencies—rotation—required for the adaptation of the earth to 
its changes of rate such divisions of the eartlv body as would re¬ 
spond most readily to depression in the polar and bulging in Uie 
equatorial tracts reciprocally or their opposites. As urg^ else¬ 
where, this accommodation seems best met by three pyramidal sec¬ 
tors m each hemisphere, with apices at the center nod h^scs at the 
surface, the sectors in opposite hemispheres acranged alternately 
with one another. Very simple mot ions withm the^ sectors 
would satififj^ the larger den^ands of rotational distortion, while the 
oub^tOFS into which these major sectois would naturally divide, 
oa fitmases required, would cosily accommodate the nicer phases of 
adjxistmctit. This primitive segmentation to meet rotational de¬ 
mands—which were most urgent during the stages of in fail—fur¬ 
nished a mechanism suitable for the easement also of a portion of the 
defonnational stresses that arose from other sources, amotLg them 
gravitative stressed arising from loading and unloading by erosion 
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trnJ Bcdimeutation. A gr{ivitntiaiiul Jidjustiuetit by the wcUgitig up 
nnt] Uott'ri and laterally of aucli «e*tors is thus oHerod tcjiiativdy as 
a working competitor to theories of adjustment by flnidal or tpiosi 
duidal undcilow. Tlio nece^ry brevity of tliis statonvent leaves 
this new hyiJothcsis little ntoro tJian a crude suggest iuu that gravi* 
tiitive adjustment {=isostaBy) may perhaps take place as fully os 
the ease rct]Uinjs in a tiigldy rigid elastic earth, atrertwl by vertittal 
sebistusity Hcd un adaptability in wedging action, without resort to 
Ho wage or even quasi Do wage, 

IL 

CXlKSTrrCTION OF THE INTEllIOa OF THE E.1SITH. AH INOIGATED 
BY SUISWOLOGICAL INVESTIGATIONS. 

B>' Hailby t'lzuiiNa Rcfsi. 

In !fiS3 Miltio predicted tliat earthquake disturbances would be 
regbftcred by eeisnograplm at great dUtancaa from their origin, a 
prediction first verified when tlie earthquake of April 18, 1880, 
whose origin hty off the coast of Japan, affected the horkontal 
pcndnlum which von Rebeur-Paschwitii had set np at Potsdnm to 
study the attraction of the moon. Milne was so convinced of the 
corroctiiess of his idea and of the importance of the results to be 
oijtaiued tliat in 1893 he established an observatory on the Isle of 
Wight to re<!ord outhquakes front distant regions fund he also sue- 
ceaded in having mstnimenta of similar model set up at observatories 
very widely scattered in various i>arts of the world, 

Wertlieim in IftSl showed that a clisturhimce in the interior of 
an elastic solid would break up into two groups of waves, longitu¬ 
dinal and transvernal, which would bo propagated ut difTerent rates, 
and as tlieir velocities are so great that they can not bo separated 
from each other in the laboratory ho suggested with rare insight 
that their separation might first be noticed in connection with the 
propagation of earthquake dieturbances.* A few yeatu later Lord 
Rayleigh allowed that a third kind of wave could be propuguted 
olong the surface of the earth.* ScLsmologists naturally looked for 
indications of tlieae three groups of waves in their ^ismognima, 
but it was not until IflOO tliat Oldham succeeded in showing definitely 
tiiiit Hie seisraogra^ of a number of Milne instruments gave dew 
evidence of the esistence of throe groups of w'avts, Oldham also 
published a diagram, which was an cNtensioa of Seebach’s so-called 
“ bodogniph,” showing the relation between the time of transmission 
of eadi group and the distance from the earthquake origin, measured 

'- Sqf U pmcafilHfl] do moTrrqfnt d«ai Im totpM KlIdH 4t UflOldw," ™r™j. 
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along the surface of the ^rth. Millie soon improved these cnn'eas 
by adding ob^rvations of a large number of recorded shocks.^ Tlie 
curves of the firet and second preluninary tremors*^ as Milne called 
the first two groups of waves, are curved, indicating that the velocity 
of tranwilsidon increases with the distance the origin; a conclu¬ 
sion which had alrtady been drawn from earlier, but less ace urate* 
observations, ^liLne attempted to explain this by assuming that tho 
path of tile seismic disturbance lay along the choixl and not along the 
earth's mrhm ; thh practically shortens the distance to the ohsen ing 
stations, and if tlie curves are plotted, with distajQces meusured 
along the choi-d, the curvature is ccmsidembly diminislied; but later 
and more accurate observatioEis show Uiat even under this assump¬ 
tion tJifl velocity still increases with the distance. The ccudusion 
is unavoidable tliat as tlie path of the disturbance sinks deeper into 
the earth the velocity inctew^ The interior of the earth then is not 
a homogeneous but a refractive mediumj and the path of the dis- 
ttirbance can not be sti^ight but must be curved with die concavity 
turned upward. This oonditiou had been described by A. Sebmidt 
as early as iSSS/ Seismologists now believe that the three groups 
di^rovered by Oldham are respectively the longitudinal, the trans¬ 
verse, and the surface waves. The transmission curve of the ktter 
is a straiglit line indicating that the waves are transmitted with 
uniform velocity along the surface of the earth. They have affected 
seismographs after having parsed completely around the earth. It 
can not be S4ud that the evidence, that the first two groups are re- 
sportively longitudinal and transverse, m complete; hut it is suffi¬ 
cient, in Connection w'hk theory, to make seiauiologhTta fairly con¬ 
fident that the conclusion is correct; and the passage of transverso 
waves through the earth to great depths is proof that, to tho^ 
depths, the earth is solid; for transverse waves can not exsit in a 
liquid. Fuither, since the velocity of transmit on deijcnda on tho 
ratio of the elasticity to the density of the medium^ and since both 
the longitudinal and transverse waves incj-ease in velocity with the 
depth below^ the surface, both the elasticity of volume and the elas¬ 
ticity of figure of tlie earth, not only increase, but increase more 
rapidly than the density as we pencirutc below the surface. The 
earth therefore is not only rigid, but its rigidity increases toward its 
center; thougli seiamological evidence docs not yet prove that this 
characteristic extends to the very center itself. 

The nest step was to determine the path of the waves in tiie earth 
and their velocity at different depths; the data for these determi¬ 
nations were the times of arrival of the earthquake waves at various 

1 flciL cf Cflin, an SclMDHiV lavntli:^ BL A_ A. S., t»aa, p. J, 
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distfince^ from tlio origin; are colfetod in the tmnsmia- 

fiion ciirvea. At first sight tliis an iasoiiiblo problem^ butj 

thanks to a remarkable mathematiaal tlieorem of Abel^ it m not It 
is clear that the time of airLTal of an earthquake disturbance at a 
distant station will depend on the path followed and the velociiy in 
di He rent parts of the path^ ajid if we make the reasonable sissiimp- 
tioHii which is home out by observation,, that the velocity is every¬ 
where the aime at the awtie depths then it is e^-identj if the velocity 
incrca^i? rontinnoiirily with the depth^ that the transmission curvet 
will be continuous without breaks^ ziiu] their curvatures wil] no¬ 
where make a sudden change. The niathernaticnt solution of the 
problem hae been obtained by Wicchert, Bateman, and others; and 
concrete rcsiilLs have been obtained by Wicchert and bis aMsdstanU. 
so that we now know the paths of the waves and tlicir velocities with 
sk fair tlegnie of nccurticy, at least to a considerable distance beloiv 
the siirfzicc^ But the qii&4ions arise, Do the veioeiiic 2 » increase con- 
tinnonsly with the depth; and if so, How! qnestiotts which coeiIJ 
be answered by tlio study of perfect transmission cun'es; but even 
imperfect curves yield souie infonnatioii; whieh^ however, may bo so 
faulty that it must be received with great caution. Milne, who htni 
done Guch excellent pioneer work in neisziiology, was the tirsd: to pro¬ 
pose and attempt to answer these questiong^^ lie tliought the truns- 
mission curve could be satisfied by supposing the earth to consist of 
a stJid core having a radius of nineteen twentiedis of the earth^s 
radius, and surroutided by a thin shelL The core was of unifonn 
danaity aud elasticity, so that the velocity of propagation in it ivas 
uniform, and the patlis of the rays would be straight lines. The 
veloc^ity iTi the shell much than in tlie core, Thege condi- 
tjons satisiied fairly well the very imperfect tninsmission curve of 
1902, but they may l)e dismisad wiUiout further conmderutum, for 
such fln eartJi could not satisfy the astronomic requitemeuta, which 
exact, at the same time, the proper mean density and moment of 
inertia. 

Benndorff in ISMM thoiight lie found eiLidence of a central core 
of about four-fifths the earth^s radius, surrounded by two shells, 
the outer one having the same thickness os Milne's.* In the some 
year Oldham deduced from the transmission ctin'es a central core 
of not more than four-tenths the earth's radius in which the velocity 
wa^ distinctly less thtm in tlie surrounding aJiell.* Xeither of 
arrangements have been shown to conform to the astronomic require^ 
ments. Oldham’s conclndons are on what he considers a 

1 R^p. Qf Ibf Cded. oa SrlniKiL IsTHtliBtlciD, B, A. JL 1903 ^ p, 7. 
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distinct break m the tmnsnil^ion enrvo of the transverse waves at 
distance between 120 "^ and 150"^ from the origin 5 but when we re- 
meniber thut fiilij per cent of Ute energy of an earthquake shock 
cojiieij to the surface within the hemisphere having the origin as 
pole, wo ss-'e that the data for groat distimees mii$Et be too imperfect 
to yield very reliable deductions. 

Many yemij ago Rocho shirwed that it was quite pussiblo to Jeter- 
mine a diEtribution of dmisity in the earth which would he discoii- 
tinuons at Bcveral levels, but which w'ouJd still lie astronomically 
salisfactory. Weiehert^ in IhSilp^ allowed that such a system might 
consist of a central core of radius about 4,f>00 km. or three-fourlJis 
of the enrt 1 i’& nulius, consisting of iron with a density of ubout 8.3, 
snmjunded by a stony sliell abont IJtOO km. thick and with density 
varyung from 3 to 3,4. It was naiunil that he should examine the 
triiusmi$^inn curves to $ee if they supported liis ideas; and ut The 
Hiigue meeting of the International Seisniological Association in 
lfK>7 he atinouiu^ that they did. At the Manchester meeting of 
the same u^sociatioii in I91i he announced the existence of two sliells 
around the rentml core. In 1914 Gutenberg (one of Wiechert-s 
assistants) amiouuced the existence of three shells.’^ In udditlon to 
ordinary times of transmission, Gutenberg also used the times of 
waves reflected at tho carth^s surface and tlie variations in the 
amplitude; it is evident that a wave which crosses the boundary of 
the core will e.xperienco reflection and refraction; and ivhidiever 
part is Inter observed at the surface of the enrth will have a distinctly 
smaller amplitude than the wave which just missed perietniting 
into the core* The following table shows the positions of the hoiui^ 
darics of the shells and of the core, and the velocities of the lonjp- 
tndinal waves P and of the transverse waves S,* it will be noticed 
that it is only at the Imnndary of the central core that any market] 
sudden change in velocity occurs. 
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The remark reganling Oldham’s rtsillta applies uIbo here, namely 
that it is questionable whether tlie observations tit distances greater 
than 100* or 120" are sulBciently occurete to justify such definite 
coatdusons« Gutenberg hat] the advantiigei however, of more accu¬ 
rate observations tlian Oldlinm, and also of measures of amplitudea. 
There is no a priori reason why the earth might not he made up of 
a number of shells, but there shcuM be satisfactory evidence for any 
proposed system^ and it must be shown to satisfy the astronomic 
nxiuircments; or, at least, not to contradict tlicnn Gutenbergs 
sysUrni does not correspond with "W ieehert’s system of 1897. In the 
latter a marked change in phymeal properties occtire at a depth of 
l,a00 bni.; in tlie former, at a depth of 2,900 km. i and in cres&bg 
into the core, the ratio of the elasticity to the density, according to 
Gutenlierg, rapidly loses six-tenths of its vntue. This change migiit 
!» the result of a great increase in density or a great decrease in 
elnsticity; it may be questioned whether the former is coinpatihlc 
with the nstrnnumic rer|niFements, and whether tiie latter IS com¬ 
patible with tlie high rigidity which we know the earth, as a whole, 
has. So fai' no answer has been ^ven to tliese questions. 

In 1879 George and Horace Darwin nttmipted to determine the 
ri^dity of the earth by measuring the deviation of the vertical under 
the attraction of the moon. If the earth yielded like u fluid, its 
surface would always remain at right angles to the vertical, and a 
pendulum would reinain relatively statioiiary for all positions of the 
moon I if the earth were absolutely rigid, the moon’s attraction would 
deflect the pendulum an extremely auall amount, but an amount 
iiipuble of being measured- The Darwins did not obtain definite 
results because the distiirbances of their pendulum were greater than 
the defiectioiis they attempted to determine. 

A little later von Kehour-Paschwitai attacked the same problem 
with better success, using a horixontiil pendulum. 

Hecker, in Potsdam, and Orloff, in Dorput, have repeated von 
Itcbeur-Puschwiti;s experiment^ and both found values for the 
overage rigidity of the earth comparable with that of siceL But, 
whftt was most remarkable, and whiit is still unexplained, the rigiditv 
was appiinently greiiter in an east-west than in o north-south direc¬ 
tion. Orloff, experimenting at a greater distance from the ocean, 
found a Bmnller difference than Ilecker did, and it has been sug¬ 
gested that the tides of tlie ocean are the couse of the difference. 
The International Seiamological Association, at its Manchester 
moetifig in 1»1I. made plans to repeat the experiments in Paris, in 
eontnii Canada, in the middle of Southern Africa, and in the middle 
of Russia: hut no reiwrts have yet come from these stations. 

In the DUtumu of 1913 Michelson attacked the same problem bv 
a new method, which seems capable of yielding more neciirote 
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restilte timn the borizantal pdodulum. He lueiisu red Ulb deH^ction 
of tlio veriiail under the Likifluence uf the moon by v?luit was prac¬ 
tically a water level hOO feet lotigj sunk tt feet Iti the earthJ Michel^ 
eon's resnlte for the east-west rigidity do not differ greatly from 
tho6o of Orlolf; but hb north-aoolh rigidity h somewhat less than 
tJrlofra, Aliehoban's cJ^perirEienls also show that die viscosity of 
die earth must be as great as duit of i?toch These experkoents are 
of great interest; they should bo repeated at various placeSt *iiid 
especially at places symmetriciilly situated with respect to the great 
oceanSf and on midoceanic islands, in order to determine how fur 
they are affected by the oceanic tides. 

We can my in cmioluainn that the ti^ansmission of transverse 
earthquake waves siiows that the earth is solid, at least to a great 
depth below the surface; and that experiments on the deflection of 
the vertical show tluit it is quite os rigid and as viscous as steeL 
There are still difficulties in the interpretation of the observations^ 
but their duddation can not alter the general chatacter of the 
conclusions. 

III. 

THE EABTH from the GEOPHYSICAL STAKOPOINT. 

By jQiix F, Ujirmuo. 

This is a broad topic on which ninch intensive thinking has been 
done by many men* It is impossible to treat it adequately or com- 
prehettaively in the diort time available. 

In this address an attempt will be made to bo concentrate atten¬ 
tion on a oertain few points as to tend to durify existing ideas and to 
corrdato thenu An attempt will also be made to help in locating the 
lines of Iciist resisbince to future progre^ in the study of tlie earth. 

Tlie size of the earth, as well as its Bhape^ is now known with such 
a high degree of accuracy that the errors arc n^Iigible in comparf- 
son with the errors in other parts of our knowiedgie of the earths 
The probable error of the equatorial radius is less than 1/300000 pait^ 
and of the polar seitiidiameter is about the same. 

The three physical corigtants of the earth, and of its different parta^ 
on which you are now asked to concentrate ytmr attention are the 
■density, the modulus of elasticily^ and the strength- 

It is important to know' as much as po^iblc about the density^ The 
more one knows ab<mt the density in nil parts of the earth the more 
surely and safdy one may proceed in learmng oth-er things, about the 
earth. 


* * PmUmliiaiy SeiEUtd qf Mranjrrtn^ati wf Uic Blalflily tlifr Eutfa.'' Tfcr Arir^ 
phif9ica^ jQurnatf. iai4, ¥5^1. 07. 
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The inotltilu!} of etu^ticity at each point iu the earth controls the 
Iwhavior of the earth under rolatirelj small applied forces. 

The strength of the earth, at each point, os measured by the sti'OSS* 
difference at tliat point necessary to produce either slow continuous 
change of shape or rupture, decides the behavior of the earth under 
the greater forces applied to it. 

A.s to density 'we know that the earth's surface density is almut 
S.Tf that the ilensity proliahly increases continuously wltli increase of 
depth, that the density at the center is probably a!>out 11,. that the 
mean density is al>out &.G, and that within a film nt the surface of n 
Liiickness of about one fiftieth of the radius of the earth there is 
isostatic compensation which is nearly complete an<l imrfect as be¬ 
tween areas of largo extent. 

The manner of cUatribution of the isostatic compensation with 
respect to depth, and the limiting depth to which it extends are but 
imperfectly known. Kevertheiesa it appears that above the depth. 
15*2 kilometers, the compensation is nearly complete even though 
there may be some compensation extending beyond that depth. 

Two general lines of evidence are avaikhle in detennining the 
modulus of elasticity of the earth, that from eartliquabe waves, and 
that from earth tides. 

There are many inherent and extreme difficulties in the way of 
securing reliable evidence as to the modulus of elasticity from earth¬ 
quake waves. 

To iilia the accTtnicy of available olirervations of tides in the solid 
earth was insufficient to furnish a bama for reiiahlo conclusions. 
Xeverthclestt IIle ^tiruates of the modulus derived frem these early 
observations were a fair approximation to that given by the very 
recent and much more sccurate observations. 

Dr. aiichclson and those associated with him in the obeervntion of 
earth tides at the Yerkes ObBervatory aince ISIS have develoiMid a 
mctliod of observing which is of a new order of accuracy such that 
the minute changes of inclination at a given point due to earth tides 
may Iffl dfitpriiiined with an error of less than 1 per cent. 

Three observations make the modulus of elasticity of the earth as 
a whole about like that of solid steel, namely, (8.6) (10‘^ C.G.S.). 

It is Uie uiodulus of elastici^ of the earth ns a whole which is 
measured in this cose. 

It is eminently desimbJe to determine if possible whether the 
modulus of elasticity varies with increase of depth. The Michelson 
apparatus posibly opens the way to such a determination. Suppose 
that the apparatus is used on the shore of the Hay of Fundv. Twice 
a day a large e,xceS3 load of water is placed in the buy by the tidal 
oticillotion and as frequently the water toad is reduced below normal. 
The stresses produced in the body of the earth by these changes of 
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loiid applied over an rtoi only about 30 miles wide arc probably con- 
fmed alniost entirely to the Erst 100 mUes of depth. The ma^iiLtude 
of changes of inciinntbn produced at an obsenTpg station on the 
sliore by tlie chnnging trater load would^ therefore^ be dependent pri¬ 
marily on the motliilus of elasticity of the material below and aronnd 
the bay to a depth of less than IQO miles- The observations might 
sensei therefore^ to determine a modulus of elasticity of the surface 
portion of the earth rather tlian of the whole earth- 
Turn now to the third of the physical constants, whieii it was pro¬ 
posed to examine, namdy, the strengtlu 
Among tlie forces which we may consider as fumhdiuig tc^ of 
strength are: (1) The forces involved in earthipiakes, (2) the 
weight of c«>ntinents, and (3) the weight of mountains. 

The forces which produce the moro intense enrthr]uakea evidently 
cause Etress differenoea local I y, which are beyond the breaking 
strength of tlie niateriaL However, from earthquakes we may obtain 
but little infonuation as to the strength of the earth material, bo- 
ccutse tho intensity of the stre^ differences can not l>e relidjly bIo- 
termincfl. W^. know simply that the intensity exceeds the breaking 
strength of the material at the points of rupture^ 

It is uncertain how great are the maximum stress differences pro¬ 
duced by the weight of continentk One great difKculty in computing 
these stress differences arises from the fact that the isostatic com¬ 
pensation of continents, now known to exist, reduces the stress differ¬ 
ences itiuch below what they would otherwLje bc» Love coinputed tlie 
maximum stress differences ihu^ reduced as 0.07 ton per s^piam inch. 
Darwin computed the greatest str^ difference due to the weight of 
the continents^ without isostatic compensation, as 4 tons per square 
inch^ If each of these compntatinns were based upon as$umpi!on-s, 
which correspond closely with the facts, one should be warranted in 
drawing the condiirion that the maxi mum stress difference causetiby 
the actual continents, supported in part by the actual isostatic com- 
]>ensation^ is between 0*07 and 4 tons per square inch* and that it is 
much nearer to tho smaller than to the larger value* But u dose 
examination of either of these computations shows that it la based 
upon asaniupilous made to simplify and shorten the computations, 
which assumptions depart widely from the facts and tend sirongly to 
make the computed atrci® differences milch smaller than the aetnaL 
For example. lK>th Darw in and Txive used in thdr computations 
hypothetical continents, represented by regular mathematical forms, 
in the place of the actual continents with their many irregulAritii^iu 
The maximum stress difference caused by the actual continents ia 
necessarily much greater than woidd be produced by the assumed 
!smcx>thed outy regular, symmetrical continents* 
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Simikrly no ]idiM]Uiite computations have been made to detemune 
the maximum strras dlfFcrenoe due to the moimtains. Darwin com¬ 
puted the niftsiinum stress difference protiuced by two parallel 
mountain ranges, of denatty 2,8, rising 18,000 feet above the inter* 
mediate valley bottom, to be 2,6 tons per square inch. Love, for tba 
same mountain ranges, but with Isostntic compensation taken into 
account, cojnputed the ma,\imum stress difference to be 1,6 tons per 
square inch. In this case the computation indicates that the isostatie 
compensation reduced the maximum stress difference to but little 
more than onc-half what it would otlierwise lie;. Here, again, lioth 
the computed maximum stress differences hare been greatly reduced 
by siihstitutiug hypothetical smoothed-out mountains in the place 
of the actual, irregular, unsi-mmctrical mouutaiusL 

To the person who is trying to get a true picture of the present 
state of stress in the earth, two very important facts are made evi¬ 
dent by a comparison of the Love and the Darwin computations. 
First, the existence of isostatic computation greatly reduces the stress 
differences which would otherwise be produced by tlio weight of the 
continents and mountains, Second, the depth at which the maximum 
stress difference tends to occur is evidently very much leas with bm- 
Etatic compensation than without it. These two concluaons, based 
upon the differences between the two compnlationa, are apparently 
reasonably safe even in spite of the same wild assumptions on which 
both the computations were biuted. 

Xnte that even » little information as to tho distribution of densi- 
ties—a. little information about isostatic compensation—profoundlv 
modihes the conclusions as to the state of stress in the earth. It 
should, therefore, be clear why it was so emphatically stated in an 
earlier part of this address that information as to the distribution of 
density in tbe earth is necessary in order to make safe progress in 
leamiug other things about the enrtli. 

Is the earth competent to withstand without slow yielding tho 
stress differencoR due to the weight of continents and mountains, 
the isostatic compcn.^tionB being considered t From the computa¬ 
tions by Darwin and Love, considered in the light of the nssumptions 
made by them to simplify the computations, I estimate that it is 
probable that the actual mountains and continents with all their 
irregularities of shape and elevation possibly produce stress differ¬ 
ences in some few places as great as 4 tons per srjuare inch, and 
certainly produce stress differences at many places as great ns two- 
tenths of a ton per square inch. The material would certainly yield 
elowly under such stress differences especially when they perrist 
continuously over tong periods of time and throughout large regions^ 
Four tons per inch is the breaking or rupture load for gfjod granite. 
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one of the strongest miiterials Gxistlngjn the earth in lnr|Ee <]iiantitU-s, 
Tw^tenths of a ton per square inch is the safe working load used by 
engineers for gcot! granite. There is abundant eridence fnfim 
laboratory t^ts that die so-called yield point on wliich the engineer 
bases his estimate of safe working load for a given material is a 
function of the length of time the load is applied and tiie delicacy 
of the test. The longer the time of application and the more refineil 
the test to determine the permanent yield the lower the observed 
yield point. In the case of the test in progress in tlie earth the time 
of application is indefinitely long and the lest is c.xtrcmely refined 
inasmuch as the minimum rate of yielding which may be detected 
is exceedingly small 

If an engineer wishes to know whether n bridgCf or foundstion^ 
or building, or railroad rail is yielding under stress differences which 
have been brought to bear upon It he looks for evidence of distress, 
for rivet heads popped off, scaling from the surface, settling, cracks, 
or e ven chores in microscopic stnicturB. The geologists have made 
very extensive corresponding cjca mi nations of the earth. Everywhere 
they find evidence that the earth has yielded. On the one^foiirth of 
the earth's surface expceed to examination, the land, there is no part 
for whiirh the evidence does not indicate past uplift, or subsidence, 
or horizontal thrust, or cracking under tension, or cracking produced 
by shear, or microflcopic yielding in detail such as produces schis- 
t<^ty, for example, or some other form of past yielding to str^^ 
differences. The ph:]^1cigt studying the earth mu^ take this over¬ 
whelming mass of evidence into account and must conclude that tho 
earth habitually yields slowly to the stress differences brought to hear 
upon it Please note that I do not assert that the stress dilTerenceg 
arc all due to gravity. 

1 propose now to state what arc in my opinion proliably the lines 
of le^ rcrirtance to future progress in studying tho earth from the 
physical standpoint, I propose to outline what I believe to l» the 
most effective methods of attack, and to indicate some of the con¬ 
clusions which will probably be reached. I am ted to this procedura 
by two consideratioos, First, I find it posiblc to state certain of my 
opinions as to the net outcome post investlgntions most clearly 
in that form.—find time presses. Socxnid, 1 indulge the hope that 
such an outline which is frankly an expressioa of Judgment based on 
evidence much too weak and conJiirting to be proof, may possibly 
kindle tho imagination of some man or men, and so lead to vigorous 
attacks upon tlie problem and to future progress. 

In attacking the pmbletns of the earth one should assume at tho 
outset that the phenomena exhibited arc very complicated, that they 
are probably due to various ri mult ancons actions, and that the vari¬ 
ous actions ore probably closely Interlocked, modifying each other, 
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thuiigh Bome are prtJwibly primury in impurtanpei jiod otherH sec* 
fnulary, Il^ce the most eifective method of attack is probably one 
which includes a gener-al correlation of apparently widely separated 
ideas and facts gatUcrud from physicists, engineers, geologistSi 
chemists, etc.,, and at the same time includes intensive attacks in 
detail OQ one after the other of single features of the problenig which 
arise and an inlon^ve w^orkitig out of the po^ble consequences of 
said features. 

It should be recognized at the outset that no oiiserved behavior 
of thv^ earth clearly warrants the assumption dint the niatorial of 
which it is composed di CTcrs radically in any way from that acres- 
ftiblfi ot the surface. It £$liould lje a^^sumedj therefore^ that through¬ 
out the earth the materials arc a mixture differing from tht mixture 
found at tlie surface only as the extreme pressure and temperature 
conditions ut great depths directly and indirectly produce differences. 

It should be kept clearly in mind that the geodetic evidence from 
observations of the dJm:tiosi and intensity of gravity iridirates 
simply the pre^jont location of attracting masses, the prewnt disti-i- 
dution of density. It furuLshes no direct evidence wlmtcvcr as to 
pabt distributions of density or as to changcii in density now in 
progress. But an understanding of tlie present distnhutiou of 
density within tlie earth, especially near the surface, is so neces&niy 
to 11 ti ue uiideistanding of the present ^ate of stress mid of vkeous 
ilow in the citrtli that an understanding of the gec>dctie cvidencei is 
fundamental to progress. 

Computations should lie made ifi extension of w hich have 

been made by Darwin and Love. Tlie new computntiona should, 
however, deal with the actual irregular continents and mountains, 
not with regular sulistitutcs. The tx>mpu tat ions siiould also take 
ijito Oiocount the bulk moduluis of the materials composing the eurth; 
that these materials should he as^utned to be compressible. Such 
computations will no doubt lie l>oth diflicult and long. I betieve 
that even a moderately vigorous attack along this line will show con- 
ctiisivaly that the etirth does not behave as an etnatic l>ody under 
ihe large loads superimposed upon it by the continents and moun¬ 
tains. J believe that the computed stiess difFcreiices will be found 
to he so large tliat the eomputatioti will he e^ntially n proof of 
viBi'ou& yielding. 

Kext make Ihe contrasting assttmption that the material compos- 
ing the earth is competent to wjthstind hut little shearing stress, 
and that the pressure at any j>oint \s that due to gravitation acting 
on the mass in the columti extending from the ]>oint vorticallv to tbo 
surfatN?, Let it lie ai?sunioil that conipensrttion exists;, is 

uniformly distribiited with respect to depth, and is comptete at depth 
133 kilometers. Consider the actual topography and form a mental 
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pictiiT^ 115 at-curntely as pc^ible of this vbcods flows which would 
inkfi pliic<^ oil the ast^iimption that cuch level the tmitcrkl wDold 
flow faun/.Qntally from ixgiotis of greater pressure to regions of leas 
pressure along lines of Tnnshuiim rnte of change of pressure^ and 
that the time rate of such vi^us flows would tend to 1>e propor¬ 
tional to the space rate of change of presson?. Tho floff^ would all 
I >0 found to be ttway from beneath high regions tovviird Jow' regions, 
from continents toward (n'eatifi, from ruounttdns toward valleys^ 

After such a picture Iieis bcfon clearly foriijed assume that the iso¬ 
static condition 15 disturbed by long-contmiied erosion and deposition^ 
producing chunges in the surface elevations and surface loads:. On 
the same assumptions as to the nattire of the viscous flow^a ns before, 
form a new' picture of the viscous flow's which w'onld now be in prog- 
i;^ss. It will found that under the new conditions the viscous 
flow's near the surface would 5till be away from high areit!^ and 
toward low sreaa, but in general they would be slower than before. 
At greater depths, however, it will ba found that the viscous flows 
would be iiiidcrtuws from regions of recent depositioD toward re¬ 
gions of reoeiit erosion. These undertow flows would in general tend 
to \m iu the direction opposite to recent surffli'e transportation of 
lUnteriaL This picture would serve as a first approximation to an 
understanding of the mechanism of isostatic readjustmeDL The 
imdertows would he found on these assumptions to e:iteTid to a con¬ 
siderable deptht certainly more than 122 kilometers. 

Next one should picture the chaugrs in density which would be 
produced by the viscous flows. The density should he pictured os 
decreasing in regions from which material is being carried away by 
the flow- and increasing in regions to which the material is being 
carried^ It will be fiuticwl asso^ai as aiich a picture ia formed that 
every uudertow flow at any levd tends to equally pressures at lower 
Icvelo, This will have a strong tendency to make the prevailing 
undertow s occur at much higher leveb than they otherwise would. 

I42t It l>e assumed that the viscous material offers some small re¬ 
sistance to shear and still have elastic ptopertks to a alight degree. 
The condition fi.%-ujiicd originally that tiic pressure at a point de¬ 
pends simply upon the weight of the material above that point will 
bo disturbod tlicreby. Form as clear a ronocptlon as possible of these 
diMturbancea and the modifications of the flows produced by therm I 
believe the mndifleations will be found to he important and that they 
will be found to be such as tend to confine Che effects of surface 
changes of load to a depth which is a small fraction of the radius^ 

So much for the direct effects of gravity which it seems im¬ 
portant to picture clearly. Next study other effects. Eome of which 
are indirectly produced by gi^avity. 

Tseso’—ail lain— -n 
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First study tji$ tiimlifyiiig effects of obatiges of tciiipGr{itm''e. 
IVlierever dscoua ilow tnkes ijliice m tlie (juasSsolid portions of tlie 
eartb tlicr? bent is newasarily developwl in amouiit ei]iiividciit to ths 
medjaJiicul energy expended in overcoming the resistance to flow. 
This will tend to increase the volume of the materialf to increase 
tile pressure, and to raise tiie surface above tbc rtsgion of vbawus 
flow. It is probabJe also thjit the increase of lemperature will tend 
to weaken tlie inatcTiul, thus emphasizing the weakening produced 
by the dotnaging mecbanicul effccte of the flow. 

This temperature effect is probably locally importiint. 

Bonoatli arena of recent deposition tlm leniperatiire of a given 
part of the burieti material will slowly increase for long periods of 
time, on accuiint of beet conducted up from below and prevented by 
the ue^ blanket of deposited oiateriul from rising to tJie surface so 
freely as before, Convereely, beneath the areas of recent erosion 
the teniiafroturc of a given portion of material will decrease. The 
iiitimato limit of change will tend to be in each case nut greater 
that ateiit r- C, for each 32 metore of depth of erosion or 
deposition- The^ temperature changes tend ultimately tq 
lower areas of recent erosion and to raise ureas of recent deposi¬ 
tion, posably as much as oue-thirticth of the thickness of the erosion 
or deposition, the t^penituTB effect taking pkee much later than 
the ercKsion or depnsition vvliich ini tinted it. 

Study next the effects which tuny be computed from tbe hulk 
inodiilns of elasticity. Beneatli arena of erosion a given particle of 
matter tends to rise by an amount which imiy be computed from tha 
bulk modulus of materia], and similarly a particle tends to full be- 
neatli an area of deposition. If the depth to which the elastic phe¬ 
nomena extend 13 as gi'CJit as 12> kilometers and the bulk modulus 
is kilograms perstjiiare centimeter f corresponding to granite) 

the rise or full of n particle ticiir the surface will tend to be at least 
one fiflictli part as great ns the tldckness of the material eroded or 
deposited. This is n rimogo so large ns to have considerable effects 
in motlifyiag or magnifying the actions which would otherwise 
occur. PoKibly 4]iis elastic cluinge is much larger than the tsti 
mute liere given. Of course if the erosion m- deposition takes place 
m a Ktuall areo only, such elastic response will he largely inliLbited 
by surrounding material on which tbo load has not bei>n directlv 
riianged. But under large „reas of erosion or deposition such actim 
must take place and estend to depths possibly as great as 122 
kUouicters. 

study next the modifying effects, on the phenomena nlreadv oic 
Hired, of chemical clmtigos which are probably produced in the'earth 
liy changes of pressure. The expression “chemical changes^ is 
here need in the broadest possible rense. A relief of presaure at 
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given point in theciirth nceessurilv favors Eiielt dieinica] changes 
as arc nixinupaiu^d by increase in volmne and reduction of density. 
Increiu^ of pressure tends to have the revets effcrL Such changes 
tcriil to reenforce and extend in time the eiTecte Just referred to 
which may be computed from the bulk mo^Iulus of eloeticity. It is 
important to estimate such dmngcs as well ns pfissibk from all 
avail able evidence, stieh for extiiiiple as tJmt fiiriudied by chemkts, 
by geologists, niid by ^ich investigutioDs of rock formation as have 
been couducted at the geophysical laboratory in Washington. 1 
believe tim possible effects of this kind will be found Uf be so largo 
as to be of primary importance. 

Evidence ba^ nccttmulated during tlic past few* years which 
makes it reasonably certain that with increased pressure, as nt tlm 
great deptlis in the earth, tlie rigidity and the vis«?0Bity of the Jiia- 
terial also necessarily increnises. This tends to eaii% the viscous 
flows to tako place at higher levels than they otherwise would. This 
should be taken actxiunt. 

Xext ft reexaftiination of the conceptions so far fornicd should 
he made to ascertain to what estent and how they w^otild be tiiodiliod 
if one started wdth some other reasonable assuiiiptiou us to the Limit- 
ing deptli of present iso^itic compensation or eonie other reason¬ 
able assumption as to the law of distribution of the compensation 
with regard to (kpth.' 

Next full and extensive comparisons should be made between 
the hypothetical phenomena on the one hand pictured as made up 
primarih'- of viscous flows, modified by some elui^ic effects, initiated 
in part by surface transfers of load, modified by changes of terupom- 
turo« modified by ebemical changes and in the other wuya, and on 
the other hand the facts of the paid as to the behavior of the earth 
recorded in the rocks and read by gonlogijd^ iind others. This com' 
pa risen should be used to the fullest po^ible extent to evaluate the 
relative importance of the various Elcincnte in the actions. 

In making this cditipari^u of various hypothetical phenoinemt 
with the great accumnlnted mrw^s of geological facts it should be 
rofogni^ed at once that it is false logic to renstm that if a given 
hypothesis docs not account for aJI the obsen'ed facte the hypothesis 
is necessarily erroneous. On the contrary it is true logic in dealing 
with such a problem as the earth seen from a physical atandpoint 
to reason that the more facte are accounted for by a given hypothesis 
the more certain it is that said hypotliesis b a statement of a con¬ 
trolling element in the complex phenomena and tlien to study tho 
facts which appear neutral, or eonflicting, with reference to the 
hypothesis, conmdering them as indicatoi:^ of other elements of the 
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tihenuRietiii which une should attcjiipt tn umbody in odicr supple- 
meatary hypotheses. 

1 submit Ihut in studyiitg the earth it is a mistake to think that 
there is any tie4.'e98ai7 conltict between the idea tliat the earth be* 
haves as an elastic body and the idea that it is yieldiing in a viscous 
manner. A body may behave in both ways at once. Tlie earth is 
probably acting largely as an elastic body under small forces which 
cban|iEe rapidly and at the same time is yielding in a viacous manner 
to forces of larger intensity which are applied in one sense oon- 
tinuously for long periods. 

The objert of this address will have been accomplished if it serves 
in time to arouse the iiimgination and interest of some one ami to 
guide him to greater effectiveness in attacking the problems presented 
by the eartli as teen from the geopliysical standpoint. 

IV. 

VARIATIONS OF t*ATlTl.‘ PK: TilElR BEARING tJrON OUH KNOW!.,- 
EDGE OF THE INTEiliOR OF THE ELlRTH. 

By I'lAJVK 

To review even hastily the contributions that astronomy has mmle 
to our knowledge of the figure and dimensiona of the earth ami tlie 
conetitution of its interior would consiinie more time thon I can 
fairly claim as my share. Let me therefore pass over those points 
tliat are on accepted ground ami are matter;; of general agreement 
from the different points of view represented in this sj-rapoaium; 
and let me dwell instead upon certain recent developments espe¬ 
cially in need of consideration, concerning which the astronomer 
desins the criticism and help of the geologist, the reismologist, the 
phymeist, and the meteorologist. These developments have come to 
us directly or indirectly through a study of latitude variationa, so 
that most of what I ehall have to say will deal with this Buh]’ect.' 

Although variations of latitude are in a sense a very recent addi¬ 
tion to our knowledge, yet, on the theoretical ride, at least, we find 
the beginning more than a century ami a half ago. In 1755 
considered “the rotation of solid and rigid Iwdies" in a memoir 
thot is now recognized aa tho foundation stone for our edifice He 
showed that if such a body is projected into spiire it will exhibit two 
fcimk of rotation; the first of these is the familiar one tliat corre 
aponds to the day in the Caw of the earth; the other is more subtle 
and correspomls to the variaaon of latitude. By reason of Uiis the 
axis of the diurnal rotation is continually changing within the bodv 
progressing in a regulnr way, and coming back after a time to i'ti 
earlier positions. An ordinary top gives us a rimplc example of this 
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kind of rotiitioiL The spinner imparts to the top & motioii of trans¬ 
lation AS well ua Q rctutioti^ and if we wish to study the rotation wc 
must ATTfot the translation in Bome way. This we can Jo by letting 
the tap fail upo^i a hard surface^ in which the iron peg soon wears a 
minute hole for itselft and the etf-eet ia to stop the translation of the 
top without modifying seriously the rotaticm^ Then we can see that, 
wliile the top b turning \£ry rapidly around an axis, this axis hi 
ihself rotating in a oomparativclj leisurely way. Just the same tiling 
is occurring with the eorth-^he point (or pole) at which the axis of 
the daily rotation pierw^ the surface of the earth is continually in. 
motion. If we couij take to the neighborhood of the pole u racKlem 
instruinent and if we could ohsen^e there at leisure and in comfort, 
we should have no particular difficulty' in finding the position of the 
pole within a meter. But if we should repeat these ohservationa a 
few montha latcr^ we ehould find that the pole hnii wandered away to 
same distatnire. To l^e sure, thb distance would not be greats and all 
the wanderings of the pole that have thus far been observed could 
lie plotted to true scala on the floor of a room not much larger than 
the one we are in. Of course, if the pole is moving, so, too, is the 
earth's Equator^ and thus the latitudes of all points on the earth are 
varying. Such wanderings as these need not disturb the peace of 
mind of those gentlemen who like to tlisoover the Arctic or the Ant¬ 
arctic Pole, Under the circamstazices tliat the polar explorer imist 
work and with the meager inatriinieiits he can transport, he h glad 
to determine his latitude witliin half a mik of the tnith. 

We must understand that it ie only in our time, and only after the 
lapse of many years since Enkr pubibhed his memoir, that latitude 
variations have actually been observed. There was mitliiug in 
Enter's theory to indicate how large a variation to look for, mnee 
this is a matter that depends upon the whole complex of "initial 
conditions,^ of w'hich our knowledge is the very vaguest But thifi 
theory docs Idl us what the period of variation should be, since 
this depends upon the ohape of the earth and the distribution of the 
material within it^ and predsely the information that b here needcfl 
is afforded by a etudy of procesoioD. Applying this information, 
Euler was able to say that the period of the latitude variation should 
l>e 10 months. Besz^l at Konigsberg, in 1842, later Peters at Pub 
kova, Nyrcn also at Pulkova. Downing at Greenwich, and Xewcomb 
at Washington, all searched their oliser vat ions for evidence of a 
latitude variation having a period of 10 months, Imt all in vain* 
Afltronoiners concluded that if latitude variations existed at alL their 
extent was too small to be detected by instrumentii of the iirecision 
that hud then been attained. 

Towanl the end of the nineteenth century vague whisperings thiit 
this conclusion might be incorreLt seem to have been In the air. 
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Blit the first clear worj to tbia offect cjime in IS38 froin the lips of 
Kustncr, lU Bed in. Ho liad ijn etitcHl uad upplitid uietUod fur deter¬ 
mining till* amount of the nlienution of light; but be foimi] that his 
oWrvuliotis gave well nigh impusaiblu rtisuit% agreeing neither 
among themselves nor witli onrUer reliable obeen'aiioiifl. Bv n nice 
rhain of logic; he 'was able to exclude otio possible explanation after 
another until there was left only the supposition that the latitude of 
his stitiion huil diungivl while his ol>fiefratlons were in progress. 
Xest he examined nearly contemponmeons ohsemitions made at 
other pbi'cs. and when he foimd that ho onuhl secount for rcrtaiii 
jinzzliiig iltscrc‘panoies he no longer Ueeitated to atuiouiide tlmt lati¬ 
tudes were variable after nil. 

This nil noil m.'ement. awoke the liveliest Intere^ and encountered 
no little skepticism. Speeb) obeervalium were at once set on foot 
nt variouH (Aaervntorlcs in Enro^ie and Amerira, as well as at u 
station naur I]oriolu]il in tiie Sandwit-h Tslnmls. These islands are 
about oppoate In longitude to the European stations, and this was 
the reason for establishing a station there. For ofjviously if the 
pole is really changing its idaccj then the chunges in latimdo for two 
opposite stations wilt lie the reverse of each other. When in Iflfta 
this w as found actually to be the ease, other possible explanatioua 
for the observed phenomena at once foil down, and latitude varia¬ 
tions Iwcaiim for the first time a universally accepted fact. 

Much time and effort have since been expendcnl in attempting to 
formulate the “laws” of latitude variations and to give them a 
mechanical interpretation. But observation has shown that the 
vartatloiis uro of unexpected complicity, and as a eonset|uenre we 
qrp still very far from having Rntiafoctory knowledge of this subject. 
By the some token Tt in prohalite that an intensive stiiily of these 
variations, pntrticuhirlj from points of view other Ihnn the astro- 
nomical, will teach ns much eoneeming the Interior of the earth »a 
well »8 some of its sirrfoec phenomena. 

It was the late Dr. ('handler, o^f Cambridge, Mass., who took the 
lead in investigating the nature of latitude variations. By over¬ 
hauling anrient olisorvatioiis (made of course without any reference 
to tlio prissent subject) he was able to trace the presence of the varia¬ 
tions bock to llie time of Bradley in Uie midcite of the eighteenth 
century. Thus it hapjicns that at the very lime tliut Eiiler was 
writing the first theoretical paper on the subject, Bradley had alreudv 
begun making the chserrntioiis from which the actual existence of 
latitude variations might have been proven at oncii. Chandler waa 
able to gather similar evidence from other miscetlaneous series of 
observations and thus to set down a tolorabty continuous recortl of 
the variatioDB during ti century and a hjtlf. nowever interesting a 
fact this may Ihs from an lustoricul point of view, it does not help 
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Tei 7 much in n practical study of the subject. Tliere are two rensons 
for thiN: first, it is nniy for European Nations (and for the most part 
only for Greonwieh) that we have nny knowledge of these earlier 
variations; the other component of the wanderings of the poles, 
namely that in tho meridian nt right angles to the meridian of 
Greenwich, did not begin to Ije known until very recently. Again, 
these ancient observations were undertaken for certain definite ptir- 
pows tbfit they served bs well os roiilj be expected for their time; 
but they were not intended and are not well snlted for precise deter¬ 
minations of the latitude. Close aotpiaintnnce with the subject has 
taught us that estfeedingly delicate ohsw'rvQtlons are nflcessBiw to 
define the variations with adequate awiimey. If I held in ray hands 
two plumb lines half n meter apart, they would not lie quite parftlle! 
to each other, though Imtli are exactly vertical' if they were pro¬ 
longed they would meet somewhere near tlie center of tlie enith, 
4,000 miles below. The angle between them is n little less than 
and represents approximately the accuracy that is demanded 
and that has recently Ijcen attained in latitude ohaervations. This 
success is due chiefly to the International Geodetic Association which 
has organized an “ intemationol latitude service” of high efficiency, 
and to whose efiorte and experience are duo the improvements in 
instruments and methods that have made possible this extraordinary 
degree of precision. Since 1S90, the nssocistion hns maintained six 
observing stations for this sole purpose, two of these being in our 
own cOiintry. One of the minor effects of the war that is now raging 
ill Europn will he the discontinuance of some of these stations. 
One of the American stations has already been abandoned, and tlie 
same fate will overtake the otbor in .Tune, IfllG, itnless some inde¬ 
pendent means of maintaining it, at least temporarily, presents ibs-lf 
soon.^ An interruption of these observations would to? a great pity, 
for this is one of the cases where u continuous record is highly 
desirable. 

To return to Chandler and his work on these variations, perhaps, 
the most important of his achievements was to show that the prin¬ 
cipal term in the variations, instead of having a period of 10 montha 
in accordance with Enleris theory, has in reality a period of 14 - 
montha;^ This difference explains the failure of Brascl and all the 
othere, who preceded Kustner, to find a latitude variation in their 
observations, for, relying upon Euleris rwoiUs, they had nil tested 
their observations for the Kbmonth variotion and had sought for 
no other variation. For the some reason, Thandler’s announcement 
of the longer period was received with incredulity in some quarters, 

^SiDC« tin* Wfil«bce VM tpokcB tin* fllllM Coillt uiil aKHl«llr Sunrtj bi« 

Mcnml IrtliUtlDD tbBl jpurtatm tl)« CBBtlnUBlIW of IIiIb tlatlQU. 
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and thia feeling did Dot Tanish iitiiil Nflwcouib pointed out that 
Euler hnd niftcle n certain assuinptioii regarding the interior of the 
earth that bad iti the menatime been nniversally discs riled. Ilia 
period of 10 montlis appiiee in fact only to a perfectly rigid nnd 
unyielding earth. Newcomb showed that if the earth yields to defor¬ 
mation to the same eittent as though it were composed throughout of 
steel, then Enler^s period would be lengthened to about 14 months 
Here we have the first dependable determination of the rigidity of 
the earth, a result that has since been confirmed in several ways* par¬ 
ticularly by a measurement of ^ bodily tideA ” in the earth. 

The 14-month term (or the modified Eulerian term as it is now 
called) has been under accumto observation for a ejuarter of a cen¬ 
tury. The period can probably (though not certainly) Lie regarded 
as constant TJjU is wh?d we should e^pi'ct, for a change in this 
period would call for a seueiblc allemtion in the distribution of the 
material wdthin the eartlu or a cheingo in the rigidity of tlie earth. 
The amplitude of tliis term presents a very pnzztbjg probleuL Its 
usual value is about hut twice in recent years it has junsped 

to about 0'^40. Such a change could be accounted for by supposing 
that the earth had receixed a severe blow or a eucc^ioii of milder 
blows tending in the same direction. We are reminded tliat Imth 
Ifilne and Helmert hava suggested that there might be a direct con¬ 
nection between latitude variations and earthquakea^ This sugges¬ 
tion was originally made by Milne very wiriy in this century when 
the ftstroaomiciil data nece^ry to test it w'ere still very meager. It 
|b to be hoped that the question will be taken up again in the liglit 
of the in formation that hita been addiKl during the piist 10 or 12 
year?; 

Tiiough the Eulerian term b the largest part of the latitude vari¬ 
ation. it ia by no means the only important one. We have next nn 
annual term with a maximum amplitude of alK:>ut We may 

eay wdth some confidence that this tenu Is seasonal anti meteorologi¬ 
cal in its origin, hut at present no more definite statement would i»e 
warranted. It was early suggested that ocean cumnts might caiise 
this variation. These currentiJ w-ouhl have to vaiy greatly vrith the 
seflBon^ either in the volume or the speed of the flow, or in its direc- 
tron; for an unvarying current would merely moilify the Eulerian 
term once for all and would leave the LititUfle variations otisorvvise 
unchanged. A similar suggestion has been made with regard to air 
currents, and appeal has also been made to unequal deposits of snow 
and iee on two opposite hemispheres of the earth to acooimt for the 
annual term. It seems to me that these expknntiona iiave not l^een 
sub|ected to the critical numerical that are possible and desir- 
able- The meteorological data are douhtleiis competent to enable us 
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to compute sit h^i tlie order of the eUects in Uio JatUude ^urktion^ 
that we ahonld expeet from tlieae causes- Furtheimioro, the 

aimiml term l« pttibnbly variiible m amplitude, Kind it bs important 
to hsccrUio how (if at all) IliejO dmngtts are related to the corre^ 
spondmg meteorologicul ohaeri-titions. 

One other term must be iiientioiied in this brief summary. A few 
years ago Kini uni of Japan made the importEint discovery (the 
mi 36 -t striking contribution to iistronomy that hns ever come out of 
Asia) that the latitudes of all aiations are alTected by a varintion 
that does not depend upon the luiigitude hut which La the same for 
all points Ln the »ame latitude. In other words, there Li present a 
variation that h not due to the wanderings of the pole. To asoertain 
more closely the naturo of this ternii the International Geodetic Asso¬ 
ciation extended its iatitttde service temporarily to the SoiitJiem 
Ifemisphere, with the n^ult that the term wob found to be of pi*e- 
cisely the kind that w*ould be caused by an annual wandering of the 
center of gravity of the eatth to and fro along the axis of rotation^ 
This must be regarded meiely as an iUustration and not as an ex¬ 
planation, for so great a change (about 3 meters) in the position of 
the center of gravity is excluded on other and very conclusive 
groundsL No plausible explanation for the Kimura tenn has m 
yet made its appearance, and u» a oonaequence the reality of the term 
has been questioned from eveiy po^ible point of view. Many ex¬ 
planations have been ailvanced, each of which sought to account for 
the term ns merely un instrtmieuLal effect or the like, just a£ was the 
case 20 years earlier wdth the whole of the latitude variation itself. 
Against such attemptB the Kiinura term hoa held up very well. It 
is not too much to say that at the present time all but one of the 
numercjiis ex plan aliens of this doss ha%^c been disposed of; this 
exception deserves a brief mention, particularly as it calk lotidly fur 
the attention of the meteorologist. Let us suppose that the layers of 
equal density in the atmo^here above a station are not horii^ontah 
hut tlmt they are sensibly indinedp If this occurs ivithoiit our 
knowledge^ as it would under ordinary circumstances, then we 
should apply refraction to our observations in a slightly erroneous 
way and wc should derive a value for the latitude that is not quite 
correct. Let us suppo^ further that this effect were a world-wide 
one Olid that m any given uioiitii there would Ise a pronouncetl ten¬ 
dency for the inclination to be in the same sense in ail latitiidea, nortli 
and south, as well as in all longitudes Then we should have a set 
of circums^anccB that wotdd account for the Kimura term as an 
atnn>spheric effect, and therefore it would he excluded as a real varia¬ 
tion of latitude. So fur as the astronomer k able to testifvT the evi¬ 
dence is against the occurrence of such tilts in the utmospherep The 
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incliDution requiml to account quant)tativot; for the amplitade of 
the Kimura term is over 9 minutes of are, op a slope of about one 
part in fifteen hundred. Presumably, in a few years we shaU be able 
to say something^ more definite as to tha possibility of the existonoa 
of such conditions. My own opinion is that this explanation, like 
so many othere of similar character that have been suggested for the 
Kimura term, will be found untenable. Furtlier, I venture to think 
that latitude variations as a whole will find their explanations less on 
the surface <»f the earth end more in its interior than now to 
be tbe genera liy accepted opinion. 


DRY DAND IN flV.OLOGY^ 


Br AlTHtTi Ocit.EMiJt, 


INTRODUCrrON, 

After visits to 4Sontli Africa, Australia^ and India to stody diy- 
land deposits it has become very evident to the \vrUer that most of 
the earth is covered with water, and also that a ship b the most 
tantiiliseing of ail modes of travel for a geologist^ einee captains have 
a prejudice against anything of geological interest, such as rocks 
or reefs or shoals. After l,2i>0 miles of shelteml voyaging behind 
the great Australian barrier one may reach Java witliovit ever seeing 
n coral reef at close finarters. Except the oozes dredged frnm tho 
deep sea and the contours of its bottom revealed by Eoundingis, the 
tbree^uarteis of the globe beneath the ocean bave scarcely any 
message for the geologists That the waves and tlic tides <;lo im¬ 
portant geological work is trnc, but to bear the growl of the breakers 
and to see them pounce on thCEr prey, one must travel in n ?annlJ 
boat close to sliore and not in an ocean liner- Even to- ^iidy the 
action of the sea on the ahorc it is better to tic on land. The dry 
shores of Lake BonncWllc, as read by a Gilbert, give more Instruction 
in regard to wave work tlian all the foam and tumult of the ^tirf on 
the stmnd. 

The geologist is essentially n land aniinal, and yet until recently 
most bwks on geology, especially textbooks, have had siu'priringly 
little to say of the land and its conditions. The writers seemed al) 
to belong to the blue-water achooh so miicb of Ihcir apace has been 
given to the sen and its iiihabitante. It true tliat continents vrero 
mentioned, almost apologetic;ally, when one came tn the Cenozoic 
mammals^ but even the Glacial period did not lift geology above the 
sea for scime of the older wiuters, who preferreil icebergs to glariera 
for the manufacture of bowlder clay. 

^ PmiaftiUlnl i44f«lfl md bflo^ Iba mxlrtf Dec, 20^ IP IS- ai<|PrliiU^, hj 
llodn nom nuU^U* of ttu OMlCdfiJ SOcIfU of rol. ;i7, pp^ I7 e|-Uj2* Mac 31, 

1016. 
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Tliiii concentnition im the tiiid its Uf<? went to mdionisKiiig 
lengths in the more uneient parts of geological history. Like most 
of our older geologists my lii^st noudslujieiit in the gcieiice was drawn 
from Dankos ^VSIhiiuhI.” UnfortimatelT that enrliest of textbooks 
has been lost, but curiosity led me to glance over his fourth edition 
{1895) to see how the dry hmd fares in its pages. 

There is the usual fiery in t rod net ion to historicul geology, dividing 
Archean times all iteratively into Astral, Azoic, and ArchecMcoic eons, 
with a lithic era beginning at 2,500"^ F. and an oceanic era commenc¬ 
ing when the earth had cfvokd to 500®. followed by eras of the earliest 
plants and the earliest Hiiimak as tlie boiling ocean cooled to en¬ 
durable temperatiirei& When the streaming waters liad iiemianenily 
condensed in the holSow^s of the original crust there was left a V- 
shaped nticleus of dry land about which the continent of North 
^Vmerica w^as to be built up^ After this cn<iouraging start with a 
quite respectable dry-land area m a fuinidution, historical geology 
becomes submerged in seas, mostly shallow, until the end of the 
Siluriaii. Out of 114 pages devoted to this part of the worUrg 
history the total number of lines referring tu Uie land and its inhabi¬ 
tants amount to only one page^ while the Devonian land plants and 
imimals are given only 4 pages out of 46- It is true tbsit most of the 
Cmrboniferoua chapter is devoted to the rank growths of the coal 
^amps, but these amphibious plants have little to do with actual 
dry lanii They never rise far above sea level and are frequently 
lowered beneath it to get a fresh covering of mud or Sand. The 
araucarias of tlie hills ini ami are barely menttopciL. and it is not till 
one gets well on into tlie Mesozoic that the dinosaurs compel the student 
to depart a little from the ficashore. Even then there is a suggestion 
that at least kome of tlie clumsy beatts preferred splashing along the 
mud flats or paddling in the lagoons. There is no h int of lean creatures 
hastening w ith long strides to the shrinking water holes of a semi- 
arid repon. 

Another stand-by of student ckySr this time in Germany, was 
Cretlnera ^ Geologic,'^ which up to the end of the Devonian gives 2 
pages out of 58 to the land and its dwellers. Only 32^ pages out 
of 300, up to tltc beginning of the Quo ternary, have to do with 
terrestrial thingH, even the dinosaurs almost cseaping notice. Tlie 
dry land was evidently of small importance. 

It is not uimaiunil that in the beginning geology diould devote 
itself maJnly to tilings marine, for the favomi haunts of men are 
almost all founded on stratified rocks, Werner'^ idea of a world 
depod ted layer by layer from a primeval sea jiieemed reasonable 
when he lectured in Freilierg, thiHigh the BerpakademSe standa on 
eniiKivc gneiss^ and when William Smith began stratigraphic ge- 
iilogv', on an island where one can never get many jnil(s from the 
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of thi) Kiirf^ ]if! had to collect .seit ahelk the rocka its 

coim with which to date the fonuntionsi 

The regular siiccc^nn of marine faunas; in t!ie stratified rocks 
laid ihe foundsitUm for our clironologi^, showed the orderly develop¬ 
ment of living beings, and made pofs^ibla the correction of the rocks 
of different countries. The study of marine fc^ib was necessary 
to the building up nf historirail geology on a sound basis, therefore, 
so that the almo^ excltistve attention givoti t4> the seas and their 
life wafi not utijustified^ In those earlier days oontinenta had a 
place in geology mRiiiIy as limiting the migrations of marine faunas 
or as providing sediments ffir the shallow seas. In other respects 
they were largely negative things^ vscuoms wlicre nothing took 
place, since they provideil no fossil-beariiig btHls, while the waters 
around them were swarming wdlh life and aettvity. 

It {teemed quite the correct thing 35 years ago^ when the older men 
among us were f^tiulents^ to spend mo^ of our time bending over 
rftws of bmcluopods in museum cases and memorising lists of typo 
fc^ssils, so as to fix the age of rocks we might encounter in our field 
work. In those days the wash of the waves and the Huell of the 
seashore seemed to permeate geology, and dry land was seldom men¬ 
tioned or thought of by professors or students- ilost of gco'k^ 
consisted of stratigraph}" and invcrtehnite paleontology^ Bluff old 
Credner has some justification for devoting nina-tentlis of his his- 
lt^rical geology to a consideration «if the doings of the ©ea and its 
inhabitants. The land had scarcely been disoovered* Even the 
of Mammals” was namiH] and subdivided in accordance with 
tlie proportions of extinct to living shelllish and not from the rapid 
evolution of the mammals and their differentiation into the highest 
forms of animals the world has known. 

DISCOVERY OF THE LAND. 

Tt can not he said that the early genlogiist© entirely ignored the 
land. An unmistakable land surface, like the ^*dirt bed ” of the 
English Pnrbock, with its staucarian ©tumps still rooted in the soil, 
was cKTasiDnally recognis 5 e<l, though such occurreiic^ are almofit un¬ 
known in formations older than the Carboniferous. It was recjog- 
nized^ also, that hcait and drought best accounted for the beds of 
gypsum and rock salt found in several of the more ancient fomm- 
tiona, though the materials might have come from the evaporation 
of metosed arms of the ©cm, and so might not be really continental 
deposits. 

The most typical land deposits, those of arid and of glacial clb 
mates, were seldom recognized ns such and were generally Included 
among the marine sttatiiied rocks, though the absence of fossils was 
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dbquktini^. Even tlie ml ^ndUtonef^ with their hot, desert colors, 
often looked on ns tnarine, or else jxsssibly us formed in greut 
Iwcausa they eontuined no marine The ancient bow'Ider 

clays wem merely coarse, water-formed depodta of some peculiar 
kind. 

In mo^ cusea, lic^wever, dQ^diinci periotls une not represaentcd by 
deposits of any soil, biii by the gat>a m the setinence of fonofttiona, 
for normal iund eofiditions meau erosion and denudatiom Their 
only recorcl is usoully a discordance, and o dry-land iiitetrni shown 
only by an uncoofomiity natnm lly passed almcD^ unnoticecL Most 
of the chap lens of the world s history are written under water and 
sJiow' a stroiiff bias toward the side of the water animals. 

The only continental 1 dep<isits beside th^i^ of arid ami glacial con¬ 
ditions which have u gi><ai chmnco of being preserveil arid m^^ignisfied 
are thoijo of the coal Eivampa, and they persist mainly becausts tlicy 
are on ilebaUible gr^rtjnd c^ften invaded by the see. During inuch 
t!ie greater part of tile world s history happenings on tlie land are 
rccordeil only in the most itccidcntul way, as hy some stray leaf or 
tree trunk or carcass drifting down a river to be buried in the mud 
at its moiilh* It is BcldouL that land formations can be found on a 
broad enough scale to reconstruct continental surfaces and condi- 
tionji. 

Tliough it ia certain tUut lands and their inhabitants have existed 
in iuibn.ken surc^^on from early times, the landa tbeinselves arc in 
gealii^ mosiJy sliadmvy things. ’Whethor they were mountainous 
or flat wc ran only infer from the kind of sediments they sent down 
ro the sea. 

During most of the workrs history the climate seems to have been 
jnild and mnisti even to the poles, and clssftMlis and ice sheets were 
apparetilly absent- We are liring in an exceptional time character¬ 
ised by extremes of ctimato and are apt to tbink of such extremes as 
normal. lYlien Miocene plarte trees grew luxuriantly on Spitzber- 
gen, in latitude 78^, the whole circulatory ay^m of air and water 
must have been different fri«n tlie one wo are accustomed to. 
tmiiDij of cmid tind perhaps abo of drying mu^t have been largely 
a1>sent. Tliere could have been no cold ocean carrenLs flowing bedde 
vvnrni lauds to defecate the winds blowing over them, as in southern 
California and northern Chile, at the present time. The most char- 
nderif^tic land deposits, those of deserts and ice sheets, belong espe¬ 
cially to the short perimls of itress and trouble separating tbe long, 
genial, but unrnterprismp* geological ages, and hence must be rela¬ 
tively rare in the column of formation a. 

Thesse I'omparatively unusual types of deposits l?egan to attract at¬ 
tention about fiO years ago m Eurepe, and geologists of the Indian 
survey correctly interpreted the ancient Talchir bowlder-days in 18S9. 
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Al'ith deserts before tbeir ey^ for comparSeon, they mogoized also 
BJicient arid depo&itii. In America not miicti Htteutton tjius giroi! to 
continental formatiooE till Davis and bis brillinnt physiographic 
school, 25 years ago, began to explain the Ceaozoie beds of the west 
as drydand deposits. At about the same tlmo WalUier and other 
Germans took up the careful study of desert prooeesca, giving the dire 
to the ori^n of ancient red sajidstoiKB and their aecompniiimeiits. 
Of late years most of tia have paid at least brief visits to deserts and 
have felt the ebarm of their bareness, tbeir londinesB, their dear, cool, 
night skies and hot orange haze at noon, and have ivatchcd the dusi}^ 
pillars of the ‘‘go-devils” transport & train-loud of dust across the 
Kalihati, or have seen the low dance of the yellow sand grains as a 
hot wind buihls up a barchati in Nubia. We have seen the select!vo 
carving of tlie desert sand-blast on rocks of unequal hardness, have 
wondered at the brown desert varnish on o.^posed rvH'k surfaces, and 
hove speculated os to the origin of “cakrete” or “kimkur 

Geologists arc now on the alert for continentnl, and especially 
desert, formations, and there are few red sandstones w'liieh have not 
been picked out of the marl tie ragbag and set aside as'belonging to 
the land. It is even possible that the pendulum has in some eases 
swung too far and will have to swing back again. Some of the red 
sant^ones or shales handed over to Uie desert may yet dlseloso 
marine fossils and have to return to the seashore. 

A glance through recent textbooks of geology in Englisli, Frcuch, 
and German shows how widely attention has been given of late venrs 
to continental, and especially desert, formations. Arid conditions 
have l^n recognbicd, or at kast suspected, in nearly nil die muiu 
subdivisions of historical geology. TJiey have been mentioned bv 
one author or another in the Pleistocene, the Pliocene, the Miijcene, 
the Eocene; the Cretaceous, and the Triassic- the Permian, the Car¬ 
boniferous, the Devonian, the Silurian, and the Cambrian; the 
Keweenawan, and possibly one or two earlier of the pie-Cambrian 
aeries. In fact, only the Jurassic and tlie Ordovician seem to iiave 
escaped the drought, and it may be that a more careful search tlii ough 
the literature would disclose deserts there aUo. 

A number of the sugpations noted ore only tentative, however, and 
wide-spread and unmistakable desert fonuations seem confined to 
the Pleistocene, Ttiassic, Permian. Devonian, and late pre-Cambrian. 
Of these tlic Pleistocene deserts may be looked on aa continuing to the 
present, tlie Triassic deserts form nn aftermath of the arid conditions 
of the Permian, and the Devonian deserts seem less extensive than 
the others. The three times of greatest aridity appear to be: {1) The 

Pleistocene continuing to the present; ( 2 ) the Permiuii-Triassic; (3) 

the late pre-Cambrign. 
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Ihoiigh tvcU knowo, it niaj not bo amiss to nocalj srimo features of 
these three periofis of >Tidcly extendwi desert cronditioos. 

ARID ZONES OF THE PLEISTOCWE AND PRESENT. 

TIio map of the world showe two xones which are largely desert, 
000 in each liemiephere, with a broad none of heavy equatorial rain* 
fiiu between. To the north of the nnrtliem desert belt there are 
moister conditions, and the same b tnie to the south of the southern 
one. ITiere is reason to believe that Antarctica is arid* evaporation 
eso^ding precipitation, and the same may be true of some Arctic 

lands. The precipitation on Spitubergen is stated to be onlv 6 inches 
per annum. 

The two belts of (lewrts do not run quite parallel to the Equator, 
llm northern one, beginning with the Sahara and Xuhian Desorte in 
Africa, runs northeastward through the Arabian and Indian Deserts 
to tliow of central Asia, where the desert of Gobi reaches nearly 50’ 
of north latitude. In ^ortIl .iiuerira dea>rt conditions are Im es- 
lensivo and do jwt eistcnd beyond Ifltitiide 40* or t5® 

Iri^e Southern Hemisphere the IxKlira of land ore much smaller 
and the d^rte of SoutJi Africa, Australia, and South America are 
^rrrapondingly amnlJ as compared with those north of the Equator 
Their sou hem hmite are mughlv, 30% 40% and 46* south latitude* ' 

I cMick Las shown, I think isatisfactorilj^ that these liesert belts 
to^r,! .he E,u»li„ in cold period., n.troo iog ehc com of 
tropic rtiiB, and move rc^diceiy pona nnd souUi in wanner 
penoda. In ‘•'fraiHcel gcologicnl poriode it wonid almost aceni as if 

»hrf, earth, oboinhmg Ml d.»rt» and ice-ahets, and these appear 
f'l » ™rmd eondiliona when peneplanation has adw.nee.1 far 
and shallow was trani^resa widdy over the continents.* 

ARID PERIOD OP THE PEIIMLIN AND TRIASSIO. 

iio^g Uck to Petminii and Triassic times, much of the evidence 
has Wii buned or destmyedi yet it is oertein that deserts extended 
widely in many lauds. Red samlstenes, artosea, and shales with mud 
craefe and footprint^ berk of salt and gy psnm, are reported from 
^gland Germany Austria, and Russia in regions now weU watered 
In ^or^h Amenca there were the widespread red beds of the Bockv 
Mountuin region ami the band of ,!««« sandstonea extending from 

fmlred fir m Tv ^ that arid conditions 

covered fur more of Europe and Nort h America than now. In India 
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the Goa<lwana system includes great Ihidknessi^ of coarse ^ndstone 
with bands of conglomerate^ supposed to be of QtiTiniilo origin, ter- 
restria] dc[>osits, but perhai>s not of a apeeiaU; arid kind; * * bat no 
other references to Asiatic land eonditlcin^ have been found. I* C- 
^Vhite reports a thick series of massive red and gray sandt^oue^, prob¬ 
ably of Triassic age, resting on Glossopteris beds with coal seams in 
Hni/Jlt but e?£presses no opinion as to the eUinotc during the de- 
|Mksiiinii of tJiese upper beds. The bsisnl congloii^rate under the 
cowl lie tliinks glaoiaL* Red beds of sandstone and conglomerate to 
the thickne^ of 1,600 feet oeciir^ according to Rt^gers^ in the Ktirroo 
system of ^iouth Africa, but he puts thein probably tibove the Tri- 
aadc-“ Whether the l^^OO feet of Hawked ury satidstones of the 
Triflssic in New f^uth Wales, with Uieir steep cro^i^bediling, hands 
of canglomenites, worm tracks and sun cracks, imply an arid period 
in Australia is perhaps uncertain, though they are undoubtedly con¬ 
tinental deposits.* 

It will be seen that land formations, often of a very arid kind^ are 
found in mo^ of the continents in Pertnian or Triussic times. They 
seem to occur rutber lutcr in the regioiis which endure the cold of 
(ho PermoQirboniferoiis glaciution than in Europe unc] in onr West¬ 
ern States, but the correlation is not very certain. Thes^^ ^ Xcw Retl 
deserts following on tho heels of tlie severest ice ago on record close 
«ho PitlcoKoir cabimitously. It is not surprising that siidi cxtrenie 
climatic changes put an end to tlie lush prowtlis of tlie coal swamps, 
60 that only barely plants stirvived^ and hastened the departure of 
the semiaipiutic amphibia, while giving an impetus pi tin? develop- 
ijient of the reptiles as dry land iahabitants. 

There nniRt have Ijeen very dry conditions during the Upper Silu¬ 
rian (Salinn) of AmcricUj m shown by tho esilt am! gi'psum beds of 
New'York, Ohio. Ontario, and Manitoba; and the succeeding Old 
Rod beds of Scotland and other EuropcAR countries suggest a similar 
climate, but 1 iiavo not found evidence of arid coriditiorw> on ii wide 
imough scale to niahc it dosinihle to dimis^ them here. 

LATE PUg^CAMBEtAN DESEItm 

Desert characters liave lieen ascribed to sandstones:, perhaps be¬ 
longing to the earliest Cambrian^ but more probably the uppermost 
pro-Cambrian, m many parte of the world- They mclndo apparently 
the Keweenaw’an and part of the Belt series in Atuericfti the Torri- 
donian of Scotland, part of the Qaisa beds of Norway, perhaps also 
the Sparagmito of Sweden and the Jotnian of Finland. Whether 
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tin* ^Intsnp betls of Cupe Colony and some of the Kttddapah sEind- 
stones of Indian described as shore depositfi, or tlie Vindhian sand¬ 
stones and conglomerates should be included is uncertain. 

If these are all of the Kime ago and have been coftectly interpreted 
ns arid deposits, this was the most serere and extensive i^criod of 
rlesert conditions known. In many places on tha Canadinn Shield 
the coarse rad sandstones, usually with some oongloraenite at the 
base, mny bo seen resting on an Archean surfjce of granitoid gneiss 
or Keevvutln schist or Aiiimikte slate, the original land Biirface of 
gently rounded hills and shallow valleys belonging to an ancient 
peneplain. In some outcrops the crumbling gnei^ beneath, an old 
rcj^lith, provides most of the materials for the basiil conglomerate. 
This is true at various points on the north shore of Ljike Superior 
ond apparently also in Scotland, where the Torridonlan rests on the 
IjGwisioji. The Luke .Superior Keweenawan, though much the best 
known, is on a small scale as comiinred with the areas of sandstone 
of the same age farther north in Canada. The Atliabasca sandstones 
of Tyrrell, those of Great Bear Labe and of central Labrador, not 
to speak of SRiaUer areas, indicate a very broad surface exposed to 
arid conditioDs in North America. These red aindstones still occupy 
lOt less than 50,000 stjuare miles, and it is certain that much greater 
areas of such relatively soft aud easily attacked rocks have been de- 
etroyed in the long dry-land perio<ls of later times. 

It apt^ars that in this desert period the arid districts were mainly 
in the Northern Hemisphere and to the north of latitude 48®—that 
is. very much farther north timn the belt of deserts of the present 
Northern Hemisphere. It is unknown, of course, to what extent 
Keweenawnn rocks are buried to the south of Lake Superior or of 
licotland. The breadth of the belt as known in North America is at 
least 20®, since rocks of this age reach nearly to 70'> north latitude 
m the region north of Great Bear Lake. Tlie Gaiaa bods on ^'aran- 
ger Fjord, in Norway, reach the same latitude, and the Scotch Torri- 
doniitn nbDiit; latitude 58^. 

It is hard to ima^ne red soils, drifting sands, and the hot winds of 
deserts as existing in regions now tiindra-corered and frigid f but this 
seems to have been true in the more northern areas. 

CLACIAL rERIODS, 

Thus far arid conditions only have been mentioned, bat the best 
preserved land surface of the past are those waied up unchangeablv 
beneath glacial deposits. It seems absurd to couple together deserta 
and glaciere. so opposite to one another in every respect ; neverthe- 
less in running down the column of historical geologi' one finds these 
contradictory phenomena closely Iloked together. In almost all the 
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periodiJ when? nridity has been p^ov^^d there have been foimd also 
proofs of ice action, the two Eeemjogljir hostile conditioiis occiii-Hog 
cither at the same time in different parts of the world or one after the 
other in the saine region. We live in the closing stages of a great 
Glacial period, extensive ice sheets still surviving in Greenland and 
tho Arctic Islands, as well as in Antarctica, and yet wide deserts are 
found in all continents save Europe. 

More or less certain evidence of ice action has been found in the 
Pleistocene, the Eocene, the Cretaceous, the Triassic, the Permian, or 
Permocarboniferous, the Carboniferous, the Devonian, or possibly 
Upper Silurian, perhaps the Cambrian, certainly the late pre-Cam¬ 
brian, and tlie Lower Iluronian. The List just gi ven is closely par¬ 
allel to that given for the arid periods. 

Only four of these glacial times are of prime importance—those 
of the Pleistocene, the Pemmcarljoniferous, tfie late pre-Caiuhriun, 
and the Lower Huronirin. 

rUUSTtXTKNE ICE AGKL 

The Pleistocene ice age, from which the world is just emerging, 
imlesa this happens to be an interglacial period, is bo familiar that 
little need be said of iL Bowlder-tiny, moraines, and deposits formed 
by gLciut waters occur over 0,000,000 ^uare miW of the Xortbeni 
Hemispliere; smaller areas are found in the Southern Hemisphere, 
and Pleistocene moraines; reach thousands of feet below the present 
glaciers on higli mountaios all over the world, even under tlie E(|Ua- 
tor, shon'ing that the clLnuites of tlie whole world were affected. Be^ 
neath tlio glacial dei>03itB in niany places there are cbpracteristicatly 
mioothed and striated rock surfaces, though near the edges of the 
ancient ice sheets there ore thousands of square mites where loose 
materials were not sAvept aivay to beJi\ick. The central areas were 
most effectively scoured, and in many places the rocks beneatlj, owing 
to unequal hardness, hai'e tjeen shaped into ruches moutonti^ 
forming hills well rounded on tho fade from which the i™ advanced. 
Bowlder-day is a highly spcciallEed product of land ice j ffoating 
ICC, such as floes or bergs, Is not known to produce it, the materials 
dropped through the w'ater when melting being necessarily more or 
1(^ stratifled. The “soled bowlders” or “striated stones” from 
bowlder-clay have special eharactere not caused by any other agency, 
Buch ns mudflows or torrential action. They are manufactured arti¬ 
cles, easily recognized by one familiar with glacier work, and not to 
be confoimded with stones scratdied or smoothed in other ways. 
These familiar features are recalled because they serve as criteria 
for the recognition of the ancient giaciatioOB to ^ mentioned later. 
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Ibo hummocky, oioutonn^ surfaces left by the ricistoccne gln- 
ciers on Archesn rocks which here disordered sintctiires and vary in 
diirabiJity are very clmraoteristic and were once looked nn as the di¬ 
rect liatniiwcirk of the ice sheets thcnvBelvcB. The clean and polished 
surfaces of fresh rock, generally well st»ated and often deeply 
ticorvd, aro cItXjKcnt of the strippini^ imd grinding of the glacier, but 
the original surface forms have not been greatly changed, as will be 
shown later. 

Most of the great Pleistocene ice sheets gathered on comparatively 
low ground and reached sealevel, often occupying large areas of shal¬ 
low sea-bottom as well as the land. Few of them began in riioiintain 
regions, nnd the flow of those on level ground was i-aused bv the 
Klope of the upper surface of the ice mass and not by the inclination 
of the floor beneath, They could even more ttpliill for thousands of 
feet, wtien the ie© sheet was thick enough in the center, and tlicir 
flow took place outward in all directions. 

Doubtless conditions wore similar in earlier glucintiona, and it is 
not nece^iy to iissinne great mountain ranges to account for them, 
as bouic geologists have dune. 


I»KUJi(.KJAJlBOMlr'lIROL'H IU13 AGE. 


T1\b first undoubted proofs of ancient gladatioti seem tet have ireen 
found by the Blandforilg in India, and the first memoir of the Indian 
survey (ISCO) contains a brief account of the Talchir ttllitc in centnd 
India, illiii?tnite<l by a rough sketch. Soon after South African and 
Australiim tiUites of the same age were described. Tliere was at first 
a good deal of skepticiBra espnessed by European and ATncrioih 
l^logifite as to the raiility of the discoreries. Ramsny’s intertircta- 
tion of t-eriairi English bowlder conglomcmleg as glacial a few years 
before bud been diispiUed, wliieh nuft doubt on the new reports from 
tlie far east and south. tVas not the Cnrboniforoug a tropical time, 
cveii in the xVretie regions? tJlaeierB and the steamy coal swamps 
did not mi-v well together. 

Since then, however, many nurtbern geologists, including expert 
glflcialists, have studied these marvelous deposits, and for a number 
of yeutfi no one has doubted tlidr glacial origin, in spite of the fact 
that most of the localities are in whnt are now warm, temperate or 
even tropical regions. All the evidences for tlie ice action on a large 
scale found in Oilr Pleiatoceno are repeated, with the diflerence that 
the Pleistocene till cea-scs about 38“ from the Efjnator, while the Tal¬ 
chir tillite in India reaches well within the Tropics Xorth) and 
Permocarboniierous tillite in West Australia touches the Tropica 
In South Africa the Dwyka tillite rcachea 34" 3(p^ even 2a® '^d 
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I. C- White mifil TiVood^-orth report sliiiiliir tilUteH betwEcn 25* * and 
30* in southern Brazil/ New localities ImTo been reported witlim 
the last few yea In Argentina * and the Falklikod Islands ; * but only 
few and unimportont occurrences are known in the Northern Hoxoi- 
sphert outside of India. Tlicy have been reported from Herat in 
Afghanistan. Armenim, and the Urali^; and in western Europe they 
have been described from central Franca* and the Frankenwnld/ 
In North America tUlites, probably of the same age, Imre lieen found 
by Sayles near Boston" and by Caimes on the Alaskan boundary/ 
A year ago, near Pengcinga River^ under the hot sun of India^ in 
latitude 19^ or 20°, 1 walked across fields of ancient till strewn with 
glaciated stones and bowlders and stood on a wcll-polishfld and sitri- 
ateJ BUrfaca of Vindhian linicstone, as typical as can be found in 
Ontario or nortjiern New A^ork. This resurrection of an icC'worked 
surface of the PuleozoiCT in what are now Om sweltering Tropics, 
gives u glacial geologist something to ponder over; and to see the 
Bcmie things in Africa and Aiistrnlia, only on a much larger scale, os 
I have liad octasdon to do within the last few years, rtu^ea stjme of 
the most thrillmg problems in all geology. 

Our Pleisfflcene ico age, with its array of glarb! and interglacial 
l^eds, was merely an imitation on a much smaller and lgs& impre^ivo 
sri\]u of the tn^ineniiuD=> i^nlcoxoic ice age, which laid down in places 
1,000 feet or more of tiU and inclndetl interglacial times long enough 
to form great coal seams- as in die Greta t>eds of New Sontli WalesL 
These ancient bowdder-clays and moutonn^ rock ^irfaces of the 
Hjuthern continents bring us face to face with tiie most dramatic 
moment in geology; when a world, enervated by the moist^ hot-house 
ennditions of the earlier Cfirboniferous, faund itself in tlie grip of 
the fiercest and longest wunfer of the ages, follow^ed by the mercilesa 
droughts of the Permian and Trini^c- 

TATE iCE AOK, 

Still more aocirnt iilHtes have been found in a number of regions, 
sometimes described as TjOWer Cambrian; at others as Uppermost 
pre-Canihrian. In a few CambTian fossils have Iwen collected 
in heils fllKiTo the tilllte, but. so far as I am aware, never Umuith it 
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Tt is possible that there were ttro early ice agesj with an interval 
between; but it seems more proiiable that they are of the same age 
and all reallv pre-Cambrion. The AustralLms believe that their 
more aneient tlllites are Cambrian, however. 

TilUtes have been siigg&“ted at two places in the Kewcenawan of 
America, They occur in the Claisa beds of Norway, where there is a 
striated surface beneath; perhaps also in the Torridonlan of Scot¬ 
land, In Atistrnlia ITowchin describes an area of 460 miles by 250, 
and they are found also in Tasmania. They are reported from the 
NanCon formation in Chino 1 the flriqaatnwn series in Capo Colony, 
where tliey have an urea of at least 1,000 siuaro miles, and near 
Simln, in Indie, The la^rt two mentioned may bo older tlian the 
Keweenawan, Sir Thomafi ilollntid thinks the Simla tiJIite may oven 
lie as old os the Humnian. 

These tiHites liolong to higher latitudes than those of the Permo- 
cavboniferons, none coming nearer the Equator than 20®; but some 
of them occupy regions now warm temperate, while the ice sheets of 
the Pleistocene halted at about 38® in North and South America and 
02® in Europe. In so old a period one can hardly etpect to find verv 
complete evidence of tbo area covered by glaciers; but tliia ico ago 
seems to have been more severe than that of the Pleistocene. 

niTKOXixs ICE age. 

Much farther olT in the abyss of pre-Cauihrinn time is the Lower 
Hnronian Glacial period, thus far known with certainty only from 
the Canadian Shield, unless the tillite reported by Hintze from the 
Wimtch Mountains and tlmt from Simla in India are to be referre<l 
to 30 early an age, A cliaracteriBtifl tillite with well-striated stones 
has been found in the famous Cobalt region, its hard bowlder-clay 
cut by the richest veins of native silver in the world. Striated etoncs 
have been found also 60 miles to the east, in the Province of Quebec 
by members of Morley Wilson’s geological survey party,* and one 
from the original Hnronian region, 160 miles to the southwest, has 
been figured by CoDuihl* ikreas of smilar coarse bowlder conglom¬ 
erate or tillite, sometimes inclosing blocks tons in weight and mil® 
from tlieir source, have been mapped at viirious points as far north¬ 
east as CliiLougamau, 320 miles from Cobalt, and have been found 
also to the west of Cobalt, They ana widely scattered over the Cana 
dian Shield and were onre much more extensive, covering, no doubt 
many thousands of square miles, ’ 

In most eases the tillite rests with gentle dips on the low hilLi and 
shallow valleyB of a peneplain cWly resembling the present Lauren- 
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tian poneplniri. Iw eome pkcps the tilUte pusses dnwnwnrd, with 
DO visible brenk, into an old rfr^roUUi due to the decay of th& Lau¬ 
rent i an gneiss or Keewfitin greenstone beneath. In others the rock 
below has been smoothed and polished, though no strije have yet been 
found on it. 

It is inipresaive to oome on this oid land Burfaee half way down 
in the pre-Cambrian miceessiont yet as thoroughly baselevoled as the 
neighboring undulating surface of gneiss and greenstone^ from which 
rain and frost are uoat stripping the bowlder clay* The continent 
sealed up beneath the Huronian tlllite Looks as Snished and as ancient 
as the T^u rent Jan peneplain beneath the bowlder clay of the las^t ice 
age. The strenuous histoiy of the world since Huronian days could 
add nothing appreciable to ita hoary antiquity. Great mountain 
ranges had already been gnawed down to the bare crystalline founda¬ 
tions bofore the ice of the Huronian covered the surface with bowlder 
clay, and this sU happened long before a trilobite wasentombeti in tho 
mud of a ("ambrian sea. 

I'hough the extent of the Hnronian ice sheet is only imperfectly 
know'n* it is certain that a plain in flU respects like that beneath the 
tillite stretches 2,000 miles northwestward to the Arctic Ocean and 
more than 1,000 miles northeastward to the edge of Labrador, for 
flat-lying areas of Animikie or Keweenawan rocks cover a doKen 
broad areas of similar peneplain in other parts of the Canadian 
Shields The same pin in slips gently under Silurian and Deronian 
sediments in tlie central depression of HutlisOn Bay, under Ordo¬ 
vician limestone and Potsdam sandatono In Ontario, and under 
Silurian^ Devonianj and Cretaceous rocks toward the southwest. 
How far the unchanged pre-Huroidan peneplain or its little changed 
successor extends southwestward beneath the stmtihed rocks Is un¬ 
known. 

Much of this vast surface has been buried at one time or another 
and sheltered from erosion by marine eediments, and has since been 
disinterred scarcely modified, but it is probable that it was never 
all covered by the sea at once. Portions of it seem to have re¬ 
mained dry land as cities of refuge for the inhabitants in every 
iuuudatiom 

That other continental nuclei hflTe had similar histories may bo 
rnnsidered certain. In Scotland and Scandina™ nearly horizontal 
pre-Cambriati l>eds, whether of glaeial origin or not, cover a pene¬ 
plain closely like oura, and quartaiitca and conglomeretes called pre- 
Cambrinti may be seen resting with gentle dips on a similarly trun¬ 
cated plain in West Australia. Near Clackline, for instance, 
Huron tan-looking quartzite rests oil gnei^ penetrated by pegmatiU; 
dikes^ and at several places in the neighborhood of KajgouiUe an^l 
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Koolgardie a somewhat tUtedconglomerstf!, like that of the American 
Hiiroaian, overlies the steeply dipping gneissoid rocks. 

PttE-HUtlONiAN LJL>’D CONDITIONS. 

Ko unchanged land surface hits yet been found below the peneplain 
just described, but important land areas can be inferred aith cer* 
tainty, though now obliterated by squeezing and folding and the 
metamorphiam due to eruptive granites. The great development of 
clastic sedimentary rocks Lncladed under the names of Seics Series, 
Sudbun' Series, Temiscamlog Series, etc., widely distributed over the 
Canadian Shield, imply broad lands and even mountalu ranges far 
older than those destroyed before the liuroniBn. 

They generally begin with a gn'at basal conglomerate, so coarse 
and bowtdery somclUnes os to suggest lee action, but squee^sed and 
rolled out and folded in with other rocks in ways that make the find¬ 
ing of striated stones or n striated surface beneath quite hopeless. It 
is, however, highly probnblc that the climate was in general cool anil 
moist, for the rocks are gray and often include arkoses, with little 
w'oathcrvsl feldspars, though Lawson speaks of the Seine conglumer- 
ate in one place as “ fanglomerato '’of desert fonnation* The rocks 
as a whole suggest a continental origin, and Uieir nmtcriaL must 
have come frimi the weathering of land siirfnijes. Some of tlie gray- 
wackea and sktes are very evenly bedded and show rcgtibr altera' 
tions of coarser and finer materials, caused by viirying sea.'ionB, either 
warm and cold or wet and dry. They resemble tlie Kt ratified silt and 
clay laid down in glacial lake* at the end of the Pleistocene. Seder- 
holm’s Bothnian slates, with seasonal blinding, probably of somcwliat 
the same age, show similar conditions in Finland. 

Land ran be discovered still farther down In tlie miffty depths of 
time, for the pebbles of the Seine and Dore cooghmierates include far 
older adimentary rocks derived from the KeewatLn or Couehichiiig 
or firenv'ille series, showing vast destruction of land surfaces In pre- 
Laiirentinti ages at the very beginning of the geological record. 

These glimijses of Ainericati land surfaces in a past tw'ira remwed 
fnim the ancient pre-Huroninn continent give one a strange rista 
into a dim ajiii'iuity almost infinitely remote from a dweller in the 
post-Pleistocene. Thcni is no visibio beginning to dry land on the 
continent of America. 

WBT SflDULTi THKItK BE tlRT r„\NrJ? 

Though it is commonly accepted that there were lands in tho 
earliest known tiiiies, there are geologhits who iiold a theory of the 
origin of the world which logically eotclndes the possibility of land 
Bhowing itijelf above the sea. The original nebular hypotheais, if 
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faUowed withot3t mLahup frpm tJie of a cooling gns to tliat of 
n. liquid, otul then of a isolid^ would miti]t ia a correct spheroid of 
TutatioD, The Uthusphere thus formed would be corered by an un¬ 
broken hydrosphere^ followed in its turn by an atniosphere. A good 
wcsrkman would cerluinly hare toine close enough to the ideal form 
of his world to prevent errors amounting to fiO.OCM) feet. A properly 
liionTjfaetui-ed worldt following the orthodox nebular process^ would 
be completely covered by an ocean 8,CN30 or lOjhOO feet deep. 

This ideal world without a continent or an island would have 
avoided many difBculties. Land anitnnb, blundering, bloodthirsty, 
even cannibal in their crude instmctSi could never have existed. 
The ocean itself might never have been inhabited if life origimited^ 
as 13 commonly supposed, under shallow-water conditionsL How' 
quiet and pcacenhlc such a w^orld would hnve been! One aLmost longi 
for it under the tumifui of present conditionsL 
-■V. world without land would hove had its disadvantages, however. 
There con hi have been no geologists and no geology. 

But it is idle to speculiUo ns to the possibilities of a landless worltL 
The blunder was couiiuittcd iind the lithosphere so far warped 
out of sliape that more thon a quarter of it rises above the isea. Ona 
might in<|iiire, however, whether the blunder might not have Im^n 
rectified by provi<Iing more water^ $a os to drown out the objcctiori- 
able 1 uni Is. We knovr that thei^ have been tinic^ wiien much of the 
presf'ut cimtmcnta! area was eiicroncbcd on by the sen. Was there 
more water then^ or was it merely differently arranged# Large 
amounU of water are withdrawn from circulation by tiie hydratiem 
of various minerals. Are they balanced by the amounts restored aa* 
ju%'enile watera and the steam from volcanoes assuming, of eouri^e# 
that volcanoes give off steam and not anmionium chloride# Pioh- 
ubly most geologkts take it for granted that the unioiint of water on 
the globe is nearly constant from age to age^ 

Tlie existence of diy land at all when there is so much water on 
like earth is n profound mystery not even plausibly explained by ihe 
nebular hypotheda, since it demamLs un inexcusable irregularity in 
the ivorking of the uehtilar niachiiiery. 

HAVE OCtlAS^ AXU FVETL TtlAXi^ED Pt^VCES? 

Admitting that Ju the beginning the lithosphere bulges] up in 
places, so iia to form continents, and saggeil in other places, so aa to 
form cN^an beda, there are interesting problems presented as to the 
tjermanence of land ancl seas. All wdll admit marginal clmngea 
affecting large sTeas, but these encroachments of tlie sea on the conti* 
nents and the later retreats may be of c|uite a sirbordinate kind, nut 
implying an Interehange of deep sea bottoms and land surfaces. The 
esjential porinanence of continents and oceans has been firmly held 
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by muny gvot{>gihti!, notably Dana among tba oliler ones, and seems 
rpftfionahle; but there a to other geologista, especiiilty paleontologists, 
as well as aootogists and botanists, who display great recklessi:teHs in 
learranging land and sea. The trend of a mountain rengc, or tha 
convenience of a running bird, or of a marsnpial afraid to wet its 
feet seems suflicient warrant for hoisting up any sea bottom to con¬ 
nect continent with continent. A Gondwana Land arises in place of 
an Indian Ocean and sweeps ncTos® to South America, so that a 
spore-bearing plant can follow up an ice age; or an Atlantis ties New 
England to Old England to help out tha migrations of a shallow- 
water fauna; or a “ Lost Land of Agulluis^ joins South Africa and 
India. 

It i.s curious to find these revoliitimaiw suggestions made at a time 
when geodesists are demonstrating that the cartlfs onist over large 
areas, and perhaps everywhere, approaches a state of isostatic eqnilib- 
rium, and that isostatie compensation is probably complete at a depth 
of only 76 miles. Hay ford’s results have been ably supported and 
applied by my predecessor, Dr. Becker, in his address last year, but 
some geologists hesitate to accept them. Bamfll, after an elalmnita 
dUcusnion of the whole question, thinks the equilibrium much less 
complete than Hay ford’s results would suggest, but his arguments 
do not seem entirely conrindng.' Great stress is laid on the sub¬ 
marine deltas of the Jf ile and the Congo as loads which should have 
depressed the floor on which they were laid down, but have not done 
so. It should be remembered, however, tliat we know them onlv 
from soundings, and that assumptions regarding them ate more 
or leas hypothetical. On the otiier hand, the ilelta of the Mississippi 
seems to conform to the theory of isostasy, and there are numerous 
examples of depregion going hand in hand with the formation of 
ah allow-water deposits quite in accord with the Is os tatTc theory. 
The 14,000 feet of coal meofiures at the iroggin.s are an instance. But 
more convincing still is Fairchild’s demonstration that a wave of 
elevation followed up the retreat of the ice front during the closing 
stages of the Glacial period. The thickne^ of ice near its margin 
could not liavc been more than a few thousand feet, perhaps half a 
mile, which would mean in weight of rock only 750 f«t If the stiff 
raiapace of the earth in the State of New York yielded to so slight 
a change of load it is hardly creUifale that fl,.900 feet of sediments 
spread over 75,000 Sfjuare miles of sea bottom off the const of Africa 
could have no effect. 

If T tmderstand Barrell’s discussion aright, bis differences from 
Hayfortl’a oonclusions are rather of degree than of kind. He thinks 
the earth’s crust more ri^pd and consders adjustments to change of 
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load much less complete, imd nlao that they are carried out by glow 
movements in the **asthenosphere^ much beloo’ Hay forties level of 
complete compensation at Tl) miles below the surface. 

He would probably agiw that on the bniad scole eontinente are 
buoyed up because they are light;, and ocean bottoms are depressed 
because the matter beneath them is heavy, He would admit that to 
transform great areas of se.'i bottom into land it would be necessary 
either to expand tlie rsHii; lieneath by seveml per cent or to replace 
Jicjivy roclt, such as basalt, by lighter materinls, such as granite. 
There is no obvious way in which tJie rock lienealli a sea bottom can 
t»e expanded enough to lift it 20,000 feet, as would be necessary in 
parts of the Indian Ocean, to fnrm n Gondwana land j so one must 
assume that light roclrs replace heavy onra beneatli a million square 
miles of the ocean floor. Even with unlimited time, it is hard to 
imagine a mechamsm that could do the work, and no convincing 
geological evidence can be brought forward to show that such u thing 
ever took place. 

Discussing this question not long ago in the .Toumal of Geology, 
Prof. Cliamberlin showed tliat the only typical case of deep-sea 
deposits found on land, the well kuown one of the Barbedoes, occurs 
on one of the great hinge lines around which motions of the earth s 
cnist take place and htks no tea! liesring on the change of ocean Imt- 
toms of continents.^ The same may be said of tbe deep-sea deposits 
on Tiinor, in the East Indies, recently described by ilolcngraaff.* * 
In position Timor is almost tJjO counterpart of the Barbados in the 
West Indies. 

The distrituition of plants and animak should be arranged for by 
other means than by the wholesale dovation of ocean beds to make 
dry land bridges for them. \\\ U. Matthew's excellent paper on 
climate and evolution suggests ways in which tliis may be done more 
economical Ij*. 

The elevation of mountain chains by folding or the overriding of 
blocks miglit bo expected to make trouble for the isostatic theory” but 
the two best known examples, the Rockies and the Himalayas, 6«em 
to be npproxuuQtely in isostatic equilibrim. In the ease of the Hima¬ 
layas;, the youngest and highest of the great mountain systems, it is 
rtEigfJcring to And nummtiiitic beds iift,j(K>0 feet nlwve the sen; but 
however it was managed, enough light material seems to have been 
introduced benealb to float the mountains at about the pro[ier height. 

M e may conclude that, broadly speaking, the dry-land areas have 
always been where they are now. The adjustments of the boundnri^ 
of land ond wa have been confined to the margiuB of the continental 
masses. 


* Jour. iTflL 2^2, |>p^ 

* Kunlnklijliff Ak*A. t. WcfcDAebappcD, Aiiut*nIuB. i|r«| 24^ pu 
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TELEOLOGICAL OOXSIDEHATIONS- 

There hoj ccrtnm teleologicnl features of the relations of land and 
to wbicli attention may be dra^n in do^g. Without water, 
no life sneh ns we Itjiow would be possible. On the other hand, 
uniformly deep water over the whole earth, such ns might have been 
expected in a rigidly mechanlcnJ scheme, would probably not hare 
provided the conditions necessary for the development of life. An 
apparently aoddental lack of homogeneity in the earth allows lighter 
parts to rise above what would otherwise have been a universal sea- 
Th& combined efforts of the epigene forces since the earliest known 
times have been directed toward the destruction of continents and 
islands and their reduction to shoals completely covered by tlie sea, 
hut tlieir efforts have always been foiled by mo^'ements originating 
in the earth’s interior. No continent seems to have been completely 
submerged since Triassic times. The life of land plants and onimaU 
appears to have been uninterrupted since that tlino on all the con* 
tinents. 

There has been perpetual oscillation in respect to the area and eleva¬ 
tion of land exposed, but on the whole the balance boa l>een tarn- 
fully juaintaineil. But for tbe presence of oceans of water, of an 
abnormul liglituess io some parts of tlie earth’s crust, and an unfail¬ 
ing balance for 50,000.000 years between the forces of deration and 
of destruction, life audi as ours would have been impossible. Can w'o 
look on these surprising adjustments as merely accidental f 
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Ill 1308 wlion Uif' ftgitnliori for the com^rvatloii of onr ininerat 
nntl oilier natural wns at iUs heigist^ a was propareJ 

by Dn David T* Dny on '^Tiie Potrukum Rcaourees of the United 
Sliitea^* It iviis thfl privile^B of tbe writer to contribute wme of 
the eliita upon which Dr. Dny based bia coMcluisioiis. Since the prep- 
arution of that article much development work has been done in 
this country, now ticlds imvo I icon oijenod np, and the [njiaribilitica 
of the older fields have I jeon more closely Etudlcd. The preaent paper 
is intendett as a reviaion of Dr. Day’s thesis in view of the lutest in- 
foniiation pertaininft to the subject. The writer wishes to acknowh 
fsigp hi9 imlebtediiess to the following, among others, who have 
contribukHl data useil in the preparatioii of these estimates: James 
IT. Gardner, hf. J, Munn, Prof. L. C- Glenn, Prof. G, D. Harris, 
and nichard lb Hire. 


HXTKNT OF THH PKTnOT.EUM K«El.na. 

The oil fields of the United States usually are dasaified na the 
jVppalachiiin, Liiiia-Indiana, ITlinois, Mid-Continent, Gulf, Itockv 
Mountain, California, and Alaska. 

Appalaekian —The Appalacliian field extends from south- 

western !few York, through western Pennsylvania, southeastern 
Ohio. IVejt Virginia, and eastern Kentucky, into noithom Ten^ 
neasoe. The formations yielding the oil throughout this field in- 
dude those of the Devonmn and Carboniferous. The oil occurs 
along the axes aud on, the Qauka of anticlines, parallel in general 
with the strike of the Appalachian Mountains, and on minor tcr- 
mees or other structures assodated with them. Occasionally it has 
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1)een found in wuterlm e^yncUnes. The rtacri-oir rocks are prin¬ 
cipally sandstonre and coarse sediments. The oil from this field 
is of the best quality in the world, yielding a high percentage of 
the lighter oils such as gasoline and kerosene, and is utilised entirely 
for refining. It is of pnrulfin base and Taries in grarity from 25* 
to 50® Boiiumd (0.0032 to 0.T7T8 sp. gr.), the heavier grades coming 
only from the southern end of Iho field. The price of the ** Penn- 
^Ivania grade” oil b ala'ays high, ranging up to $2.50 per imrreL 
The average daily production of the wells is low, being 0.2 to 0.4 
barrels in 1011, This field is almost completely developed except the 
portions in Kentucky and Tennessee, and even here recent pros¬ 
pecting has resulted negatively in a majority of eases. 

Lima tttdUiva.feM.—’Vha Litiia-Indiaiia field covers a considerable 
portion of northwpaiom Ohio and eastern Indiana. The oil is 
derived from the Ordovician, Silurian, and Cai!x)niferoiie, largely 
from the Trenton linie^one, the reservoir rack being porous dolo- 
mitic lenses or beds or sandstones. Favorable structures, such us 
half domes, terruces, etc., on the flanks of tlm Cincinnati uplift, 
nsualiy harbor the commercial deposits. The oil is of parailfin base^ 
varies in gravity from 30® to 3.5® Beaumfi {O,8T50 to 0,8484 sp. gr.)| 
carries a little sulphur, and is ntiliwil entirely for refining purposes! 
The average initial daily production of the wells wp to lOU was 15,5 
barrels; tiie average daily production per well was 0.7 barrel for 
that year. This field also is practically outlined, although new pools 
arc oven yet being otvasionally discovered. 

imnoit —The Illinois field occupies a strip of territory along 

the La SaUe anticline in the southeastern part of the State, It also 
cxtenrls a idiort dLstence into liidiann. Tho oil is derived largely 
fmm the Pennsylvanian and a little from the upper MissisHipplnn 
(botli Carboniferous), and occurs principally in wdl-defined sand¬ 
stone horizons along the crest of the asymmetric Ijt Salle anticline. 
Impregnation is governed locally by the lithology, little of the 
oil comes from limestone. The oil is of paraffin base, although 
locfttly carrying some asphalt, ranges in gravity fmtn 28® to 32“ 
Benumb (0.8860 to 0.^84 sp. gr.), and is used principally for re¬ 
fining purposes. The average initial daily production trp to 1011 
was 63 barrels: the average daily production of the individual wells 
for the same year was 4,3 barrels. With the exception of some 
possible territory in the western part of the State the Illinois pro- 
diictive area is well defined at the present time. 

iVuf^ConHueni field—The Mid-Continent field comprises the pools 
in Oklahoma, southeastem Kansas, and northern Teina. The oil 
is secured from the sandstones of the Pennsylvania (Carhonifer- 
nus) fcirnuitiona in domes, half domes or terraces, and local anti 
cUura on tho flonlis of tlic great Ozark uplift. The oU is of paraffiil 
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bftSD, varying in gravity from 2V to 41" lieaiune (0.8&1T to ft.SlST 
sp. gr.), and is iisot! for refining. It is piped to the Gulf and also 
to Indifina and other eastern States. The development in tliis field 
has been phenomenal during the past few years, some of the pools 
being exceedingly productive. The average initial daily production 
of the wells 'm 1911 was lift barrels; the average daily production 
8.5 barrels. A fair percentage of tlie region embraced in tbi$ field 
yet remains to be pixuspected, the bulb of the untested land lying 
in Texas. 

{rtitf —^Tlie Oulf field includes the pools lying along the 

coastal plain of LoiiiKiana and Texas, The oil occurs for the most 
part in domes or quaquaversals associated with salt and g^^psum 
deposits^ The age of the contiLUiing rocks ranges from Cretaceous 
to Quatemnrj'. The resen^oir rock is itaually porous doloaiitic lime¬ 
stone or mudstone. The oil of northern Louisiana iieciira in Cre¬ 
taceous and Ec^eene rocks along an uplift or fold. The oils of the 
Gulf field vary greatly in composition; tho® in the strictly coa$td. 
belt vary from 15® to27J“ BeRtuiifi (O.&floo to 0,88tS sp. gr*) and are 
of asphalt base; tliose of nortliern Louisiana vary from 25* to 
Beaum^ (0.0081 to 0.60G5 sp. gr.) and are of paraffin base. Sulphur 
usually Rccompanies ihe heai.'y oil. The lighter oils ore used for re¬ 
fining, the heavier for fuel. Some of the mdividiiol wells have ]mn 
exceedingh^ productive, a daily flow of 75,000 harreb being recorded 
for one at least. Tlie pools usually are quite ghort-lived- In 1911 
Ihe average initial daily flow for the Gulf coastal pools was 257 
barrels; for northern liouisiana, 1,176 barrels; the daily average 
for the field, 00 barrels. Some territory still remains untested in this 
field. 

MiOuntaiti Eocky Mountain field embraces pools 

in Wyoming and Colorado and a® yet untested deposits in Utah and 
New Mexico* The oil orewrs in beds of Carboniferous, Triadic (1 
and CretRceoiis age, nearly always ia sandstone interbedded witli 
shale, though occasionally in fracture r*ones* Typical dome structure 
is the most favorable location, but oceasionally commercial deposits 
occupy monoclines or interrupted mpnocUne^ The oils from the 
older formations vary in gravity from 18“ to 24* Beaumfi {0.M59 to 
0.9091 sp. gr.), are of asphalt base, and ar# used largely for fuel; 
those from the Cretaceous vary from 32‘ to 48* Beaiim^ (0.8642 to 
0.7865 sp.gr.), a re of paraffin base, and ate refined, yielding high per¬ 
centages of gasoline, kerosene, and dMillates. The productivity of 
individual wells iisuaUy is not large, the average daily yield per well 
being about 25 buirela in 1913. The potentialities of the Rocky 
Mountain field are not great, unless the extensive deposit* of oil 
shale of northwestern Colorado and northcasatern Utah are tabeu 
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into account. As these deposits will require a distillation proress 
for tlic rccoTcry of their oil contents, they are not included under the 
head of free oil deposits. 

—C'alifomitt is the greatest produrer of petro¬ 
leum of any Htat« in the Union. It secures its oil from rorlvs of 
Cretnccoiis to late Tertiary age, tliq great bulk coming from tlie 
^Miocene. Nearly every typo of structure peculiar to tlie coast ranges 
yields comtricn'iHl quaiititifts of oil, iinticlines, domes, plunging anti¬ 
clines, monoclines, and fault Rones being tlie principal sourcesL The 
reservoir rocks iisnally are sajid and sandatotie, tlurngh fracture 
joints in filmic hold oil in at least one district. The oil is pmcticuliv 
all of asphalt baae, although partiflin up to 4 per cent is found in a 
little of the oil from the Cretaceous and Eocene. The oil varies in 
gravity from 12“ to Sii“ lleaumd {0.9850' to 0.84M sp, gr.), about 79 
per rent of it being topped or refined. Much of the lieavy oil is used 
for fuel and road dressing. The productiWty of individnul wells 
has reached ns lugli as 5S.000 barrels daily; the average daily fsodue- 
tion per well was 45J barrels in 1013. Tlic oil iliairicts' of Cali¬ 
fornia ure practically cnitlined to-day and little in the way of addi¬ 
tional acreage is to be e.vpcctod in the future. 

Atiaku /fWrf.—.^niaJl qiiantiUeS of oil Imve been olHained from 
(he fltinissic tockii of western Alafika. and the lower I’ertiary of 
eastern Alflfika. The oil occurs in Kandstone along well-dclinefrand 
sumetiiiicfi faulted anticlines The oil varies in gravity from 39' to 
45.9'> Ucaume (0,8284 to Q.Tprpg sp. gr.) and is of an escvllent refining 
gnide. The wells so fur drilled are small producers. The comnwrcial 
jrroductivity of the Alaskan depwils yet reniainfi to lat pmven. 

Other feld«.—ln additiem to the States mentioned as uccupving 
the above fields, oil tcciirs in small quantilire in Michigan (a con¬ 
tinuation of the Polroko, Canada, field) and Misgouri (aooutimiation 
of the Oklahoma eonditiuns). These Stotes and Alaska together 
producod but 7,792 barrels in 1914, Alabama and Mistissippi also 
are said to havo ptaeubiLitiee, 

IMPORTANCK <)P THE L'XITE1> STATES AS (.X)MI*AREt> WITH OTHPJl 

COUNTRIES. 

The following table, compiled under the supervision of ,7. D. 
Northrop, of the United States Geological Survey,* giving the pro-* 
diiclian of crude pcftrolemn in 1914 and from 1867 to 1911, in barreta, 
illustrates the relative importonee of the vArious oil-producing coun¬ 
tries of the world. 
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The relative importance of the States in the Tnlon is S'liovrn in 
the aceompfttiying table^ which gives the marketed production for the 
yeor 1014. In the case of two of the States at least, the inarkcter! 
production is below the estimatwl production, the discrepancy being 
accounted for by oil put in storage. Tlie actual production of Cali' 
fomia was probably around 103,000,000 barrels, wUh possibly 
T,000j}00 barrels ^ shut in,^ which might have been produced. The 
estimated production of Oklahoma was 08,000,000 barrels, 
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rA.CTOR$ GOtlSRNTXG THE PBODCCTIOS OP PETTROLEUJl. 

Before entering into a discussion of the probable future production 
of petroleum in the United States, it will be well to outline the various 
factors which govern this production. These factors may b© divided 
into two grtuips, natural and artificial. 
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A, SATUSAli FACT0E6, 


1. PnfAwm—^Tlie pres^re vnertcd on the oil in ite imdergroitnd 
reservoir tnny be hydrostHtic. hydraulic, or gas; it tnay be eoexten” 
siv’c HI Hi the field or pool, in which case it is called “ field preSBure,” 
or it mey lie exceedingly locol in extent, wlien it is called “ local ” or 
“well pressure." Pressure in oil wells varies from 0 to over 2,000 
pounds per square inch, usually declining as the field or well grows 
old- Other things being equal, the production v aries with the pres¬ 
sure. 

2. I woowfy.—Production varies in verily w'ith the vistsogity, anti 
since the ii-iscoeity in general increoses with the specific grai-ity (in¬ 
creases inversely with the Beavun^ degrees) it may be said that, other 
conditions being equal, the production varies inversely with the spe¬ 
cific gravity of the oil. Xatural petroleums vary from substimccs as 
fluid FIS water (low viscosity) to those having the consistency of “cold 
molasses" (high viscosity), or even to those possessing the properties 
of solids. 

3. Thickness and ertent af rewri.'oir rocJt#,—The production varies 
with the tiiichness and extent of the reservoir rock. The thickness of 
the pay streaks may vary from 2 feet, as in some fieltls of the eastern 
I'nited States, to over 200 feet, as in some California fields The 
lateral extent of the layer or lens may be from a few feet to several 
miles. 


4. of resen'mr rorfr^.—Production varies invctselv with 
tlie jKirofrity within wriuin limits. In iiniformlv grained rocks the 
coBwer the groin of the reservoir the Jess is tlie actual porositv; iiut 
the larger the size of the interstices tlie tees is the friction surface per 
unit of oil. Therefore, cohtw sedimeius are ronllv less porous and 
consequently hold less oil, but they give it up more readily than fine 
sediments and usually give a greater ultimate yield p^r unit of 
volume. Reservoir rocks may be fine shale to the coarsest conglo¬ 
merates, or porous or cavernous dolomites or limestones. Fracture 
or faiiU stones also may act ns reservoirs. The world's maximum 
producers obtain their oil from cavernous limestones or dolomites- 
the steadiest and longest-lived wells are in medium-groined sand ’ 

5. Stmctvre of resen^otr fwfe.-^Stnicture usually has a profolmd 
influence on oil accumulation and production, the most advantaireous 
positions being in the cuests of domes or anticlines, or on the flunks 
of sroled or tcrroced monociin^ Lithology or other causes may 
locally produce exceptions to all rules of accumulation. 
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districts* or States* The price Jiiuy vsiiy from 10 to 15 a barrel 
at tile well* as ot certjiin periods in the history of the Mexieua or 
California fields, or it niay range up to $2*50 per barrel^ and in ex¬ 
ceptional cases much higher, wbm the demand is great ^nd tlie sup¬ 
ply linrited* Price of oil largely affects the other artificial factorSt 
which may he siTinmanKcd as follows: 

"2, Depth o/ trdh ^nd re^*Mred to drili ^—Frodnctioti may he 
accelerated or retarded by the time required to drill wells. In some 
places wells can be put down in a week or 10 days^ elsewhere it may 
take fiT^ni one to two years to finish a well. In a shallow well dis¬ 
trict production can be increased quickly by a vigorous drilling pro¬ 
gram t in dee-p well areas much time and money may be necessary to 
mcreaac nr even sustain production* 

3, IVitUin a certain underground 

reservoir, the quantity of oil that iiltimatelv can be recovered and 
tlic rapidity with which it may be produced are largely dependent 
on the distance separating the indlridual wells* The thicker the 
wrik the quicker the recovery of the oil and tine greater the e^tpensa 
of recovery* Wells may be spaced 25 feet apart or as near together 
as the derricks will stand,, as in the congested Spindle-top field of 
Texas, or they may ho separnted by a distance of one-fourth mile or 
more, OwTiership of property often determines the spacing of the 
wells* many small tracts under separate ownership tending toward 
congestion of development and mpidity of rm>ven% Conservation 
is l>est attained b_v Eingle ownership of large bodies of knd* so that 
development will be determined by the principle of recovering the oil 
at the len,st possible expense, that is, with the least number of wella. 

-h CondUion &f tretlj fmmp. etf -—The condition of the well^ pump, 
and other physical properiies involved in the winning of the oil 
greatly influences the production. Clean wells* efKcient pump^ and 
energetic employees tend toward maxi mum production ; sanded up or 
improperly perforated wells, leaky pumps* and inosperienced of 
careless employees militate against sm'cessfiil oi>eration. 

. 1 . Ditcovery of fields ,—Tlie discovery of new fields is a most 

potent factor in oil prodticfion* The search for new fields is stimu¬ 
lated by higii prices: their discovery usually results in n fliiali yield 
and a lowering of the price. Obviously, each new field raises the 
normal production to be expected from any district or State, and ifc 
is this factor of new territory which lends so much uncertain^" to the 
oil business. 

fl, Dkt4inee from oiarket .—The distance from market of any field 
or group of wdk often determines the rate of de^^elopment and con¬ 
sequent production. Those fields nearest to market or favorable 
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tmiiEipnrtntton fHcnIities njse ustmlly quickly dct'cloped to Uieir maxi¬ 
mum capacity, whilG fiflda farther away are often left for yean, 
^tliont e^'CJi being adequately prospected. 

7. in tievelofimeni: ami recovery inefhada ^—?few 
methods of drilling and inci'easingly efEcient methods of ttcoveiy are 
favorably alFecting prodmrtinn in many fields^ The most importiiiit 
a<lvimcB in recent years lias Iwen along the line of increased use of 
(compressed air in the recovery of oil, especlslly in California and 
PermsytvflniB- 

8. ll'rtffT (’omplkationa, —^Wiitcr troubles^ may Tie either natural 
or a combination of natnrjil conditions and biinian carelessne*^ or 
ignorance. IVater canses the final niin of practically all oil fields; it 
is the omnipresent nnd greater menace of the producing fields. In 
most cases water troubles are inc-xcnsable. Their results almost 
always are negative and sometimes irreme<liable. 

Oil in most fields of the United States and, in facd:, throughout the 
world, occurs in inclined or sloping beds of amd or other porous 
rock, nnd these oil zones usually ore overlain and underlain bv water 
sands or zones which are sepai^nted from the oil zones b 3 ' im^rvinus 
clay, slmle, or other strata. Inth^two cases the w ator is cxtmneoiis 
to tho oil sands. These waters are called “top'' and “bottom’' 
waters, in acconiance with their occurrence, respeictivelj, above or 
lolow the oil *onea. In a property finished well the “ top” water is 
cased off or OMnefttml tiff before the well is drilled into the oil sand. 
The “ bottom” water never is drilletl into except by accident, in which 
event it is pUiggetl off. With the “ top ” water shut off and the “ bot¬ 
tom” water imtoiichcd, the oil is produced practically free from 
water. Water, being heavier than oii and often also under a greater 
hydrostatic pressure, will replace part or all of the oil at the point 
of uigre*ss into the well if it is allowed to reach the oil sand. In tliis 
way it rephices the oil, in whole or in part, and thus lessens the 
amount of oil prodneed and increases its cost of recovery. Water 
also otx^irs indigenou-s to the oil sands in certain fields, but in this 
case it docs nut at first occupy the same part of the rtrntiim a.s flui( 
occupied by the oil, but lies in the lower or “ down^slope” portion of 
the sand, and the line marking the junrtion of the oil iq the “tip- 
filope*’ part of the bed and the water in tlie “down slope” part de¬ 
termines the limits of the productive territory. The water under 
these conditions is called “ edge ” water. Upon exfaattstinn of (he oil 
hy flowing or pumping, tlie “edge” water, through hydrostatic or 
other pressure, tisually “ follows up” and replaces the oil. The ap¬ 
pearance of the originally extratieons “top” water or “bottom” 
water in a well indicates a failure to exclude the water properly by the 
manipulation of casing, cement, or pitig& Such a condition’nsuaUv 
can be remedied and the offending fluid kept out of the oil santl 
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although vrhut haa come in jaLlrsfldy miv sometimes retnaiu in the oil 
to a greater or less extenh The appearance of CMlge ^ water in a 
well is another matter, for here the oil has been permanently repiaccd 
by the water^ and^ so far as the adected sand is oonceiTjed* the well 
can be considered as no longer productive^ ** Edge ” water sometimes 
appears in a well in some particular sand, while otUer producing 
sands art fret from water. In tills instance^ the ed^ water sand 
is ubaudoned and rastil olf and the production continued from ilie 
other sani^ls. 

Alost of the water trouble;? art due to a failure to shut off the ^ top ” 
whaler in the proce^ of drilling. Wells, protJerlies, and entii% delds 
have Ijccn seriously damageil or entirely ruined by tlm water, some- 
times from only a few oireiiding wells. This factor of water is, 
therefore, one of the most potent in oil production and at the Eariie 
time the most iinceitaiii. 

METHs>r*^ OF ELfrnM.\TTN<J Pl^TtniK 

Two methods of estimating tlie future production or supply of oil 
in my aiva or field ere in iiac^ one known ua the i^turatiL»n iiiettiucL 
the oilier, the production curve metiicxlp 

SaTUHATlON 

1'he Euiumtion niethcHl of computation involvcfl fiudingthe cwbical 
eonicuts of tlie reservoir, determining the degi\x- of imrosity of the 
volume, and then estimating the total, available, and net supply 
of oil coiiiaincd under the area in f|ue£jt]om By total supply is 
meniti the total fpiiLUtity of oil in the reservoir? by available ^supply 
Lb meant the quantity that iheoreticall^y I'an fca; recovered with ordi- 
naiy methods in vogue? net supply is the quimtity marketed after 
deducting for fuel used in <levelopment and operation, lejikuge, and 
other losses. 

Total supply depends on the volimiii ami porosity of the reservoir 
and on the volume of fiw gim and of water which are ino1iidi.>d iii ilie 
oiL The fii'st fnetur mually can be approximfltecl by taking the area 
involved and multiply big by the average thickness of Uio oil sand 
or zone. The pumsity can be approximated from outcrop ^iiipies or 
drilling samples of the re^rvoir* Gas and water contenti^ are un¬ 
certain, but in most jnstanees can be disregarded for rough approxi¬ 
mations. Gas usually is in solution and tlie water only in the out¬ 
lying edges of the nil pools. Avaiinble saturation may range from 
0 to, pos^bly, 80 per cent, depending largely on the gas pressure 
and other factors, such as grain of reservoir, coherency, etc. From 
40 to (JO per cent of the total quantity ordinarily is recoverable- Of 

ix Owrlbr^ Chexl^rW.Wmphh-artK. BtlJJ. A. 1. U, E., Xo, (a, Vi^ranTt, 
taia. pii. 40^71. 
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tliia qujintity poaaibly 10 per cent tu lil per eent is lost in production 
or us^ for fuel, so that of the totiit supply but 34 per cent to 34 per 
cent ordinnrity is marketed. Many years may be required to make 
even this nscoveiy. 

It is the iTritcr's belief that estimates based on the saturation method 
are much leas reliable and satisfuctoiy than those worked out through 
the pmdnctioii-curve method^ but the former must be used for new* 
or poorly developed delrls and will be briefly descrilied. 

The thickness of producing oil sands or oil ^nes varies from 3 feet 
in tlio Illinois field to over *200 feet in the C’aHfoniia fifeliJ, I'otaJ 
supply or ffiitiinttion as rnarkeil by the porosity varies from a truce, 
in sands, up to 30 per cunt in some en^ecdingly porous dnitomuceuiis 
shall! from California, Between 3 and 15 per cent is the avvruge for 
sands, soniCf however, going os high as 30 [irr cenL An acre of 
gromid covered with oil a foot deep {1 acre-foot) contains 7,T58 bar¬ 
rels: This would be complete satumtiou for the 13,3110 cubic feet 
Assuming an average of ID per cent saturation ivoiilil give 775.0 bar* 
rds l>er acre-foot for normal ootid itiona. On this basis a 5-foot sand 
would eontaiu 3,STn bnniils j>er acre, and ii 50-foot Bauii 33,700 bar¬ 
rels. Actual yields of over 100,000 burrela per acre aro known, 
Kstiuiates of Uie average production per acre for the %'nrions fttnUrs 
arc given in Table III. Host of tlicis! figures are based priiiiarilv 
on the prraliietiou-riirve nietliod, but a few are busisl uii or checked 
by the Hutu rati on metlual. 

i-BiiormoN-ctmiK «»thoi), 

(icneml affl/cmenf.—Estimating future prudnetiun or supply by 
a plotting of hypothetical curves, hoixd on actual figures m well* 
known ureas or fields, is the saftst nujlhud, us it invidves factors 
which it is poesihle to obtain. Another thing in its favor from the 
standpoint of the producer and markeUT of oil is that U is baaed 
on and has to do with actual “ net ” oil figru^H, instead of theoretical 
quantities. 

o/ ffuawKttkiii. emnw,—TJie theoretical curve shown in ihe 
clidgnim accompanyiiig tius article lh taised pruuarilv on the vearly 
total pnalnetion %ures of New York and Pennsylvania, ^The^ 
Ggiires cover a iwriod of productivity of 54 years, longer by far 
than that of any other field in the ITiuted States PurtliermoFe! over 
this period this field him lieeii subject to all of the vicissitudes from 
laith natural and artificial eniisos that beset oil fields in general. Tlie 
area involved in tbe Pennsylvania am] New York field is ^ater 
than that in any other field in the United States, wliicb is still 
another reason why the result should be conservative. 

The interesting part of tlie prwJuctioii curA-e \b that following the 
period of waxiiuum yield. In aoniu instances it is fairly safe u> 
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predict juBt \rheiii tit is period ia reached, ul though usnolly a great 
divergence of opinion prevails, due to whether the prophet is a pro¬ 
ducer or a consiitncr. As a rule, the crest of the production curve 
is not a sharp peak, but is represented by a more or less wa^-y dome, 
showing tlmt. the production ramaitis near the maximum for several 
years. In the case of the Pcnnaylvania-Now York curve, the period 
of Idgh production extendtsd over about 10 years; that of Ohio and 
l\'e3t Virginiii over 8 years; and that of Illinois over 2 years. Fol¬ 
lowing tide period the production is more or lees irregular, but in 
gencnil da:reaBes at a fairly regular rate, the rate of dL-crease, liased 
on tiie previous ycai-'s production, lieconnng gradually less and less 
ss ie indicated in the theoretical eurre in tho tlingraiii. In figuiea 
this deciease may be tabulated thus;, the basis of eomputution being 
tlie maximum 3 *early production for the Held; 


Per etnt nrodm^HoH. 


At end of flrat 10 _ BO 

At end of Becond 10 jTfini-_. SO 

At end oC third 10 __ SO 

At end of foarLb 10 __ 15 

At end of fifth 10 yenrs*-__ 12* 5 

At etbd cif u\xi\i 10 yenni._10 


Averneo for 10 ^eiirs___7B 

ATETiiee for 10 yeurs__40 

Averniji& for 10 2B 

Avonij^w for 10 iT, 5 

Avoro^O for 10 yonns_ ift, fn 

Avem^B for 10 ii, ^ 


The usaal development history in the period of high prtHiuctiotj 
is, first, a decrease of yield followed by mcreosa in price, then re¬ 
newed development activity, with a resultant increase in j-ield, » 
fall In price, and so on until the development reaches a point wdiere 
the production of new wells faila to mako up the decrease of tiie old, 
when the final period of det*reaiae begins. 


KSTIiLVTED FUTURE PRODUCTION. 

The following table gives the estiiimteJ future production of 
petroleum in the riiitcd States, together with liie approximate 
figures as to the proven and prospective, oH-bearing areas, ami ti 
summary of the principal poinhs regarding the occurrenca und 
character of the oiL 

The figures of future supply take into account n certain per cent 
of the prospective oil area, as the curve on which they ara based 
pertains to an area where new fields Imve been added from time to 
time as development progressed. In tho case of Texas, Wyoining, 
etc., where the ratio of prospective area to proven area is high, tlie 
future supply may be cMufiderably greater than that predicted if 
the bulk of Llie prospective land proves productive, 

eosrpAHi^N wmi uti. pay\s fiouara I’oit id os* 

Table IV is a comparison of the estimntes given by Dr. Uav for 
iPdS with those by the writer for 1P35, They are here preUnl«l by 
fields in order to correapond with Dr. Day's dirisioim. 




Taiu 4E 111.—i’iwi fulsLft <if pfirohmn in ^ FniifJ 
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Comparing tlio writer's estimates vvitk ilios& <if Dr, Day, it is nt 
orkm apparent tkat ilm estinmtes for the alder eastern lieltk hava 
been reduced while tliotio for the ^e^em fieULs ha?e been Inci'ea^erl. 
This is est>eeially tnie far the Mid-Continent fieldj in wtiieh iheiie 
wm little development nt the time Dn Day^s figures wore compiled. 
In the ctise of CaUfomia ^ it has been found that the available satura¬ 
tion 13 less than was expected during the caiiy history of the field* 
At the time the first e^inuito^ wore niiulo the field pressure was 
high anti water trouble had not bocoine seriouEp tlia lapse of 

time it has fjocoine evident iliat a mluec^l gas pii^ssuro iitni w^ater iniil- 
ti'iition riecessitikte materiully cutting the nriginal figures; 

At the present rate of consumption of approximately H'm 

barrels per ycai\ an estimated supply of fiJliSdOO^OflO ttanvls would 
last only* approximatelyH, 22 years. Howevert as the total prcKkie* 
tion of the Ciiited States will gmdually decrease from year to year* 
it 18 believed tluit the total available supply will spreacl out over a 
period of frofii 50 to 75 years, Tho price of oil^ whicli iiow^ ranges 
from 40 cents to $2 per barrel (averagOt 05 cental* depending on the 
JcM^ality and grade of the piwluot^ probably wdll increiise to figures 
approx 11 jiutiug Si per barrel for fuel oil and possibly $5 or more fc^r 
the lighter grails. All other factors Wing O^UaK a barrel of fuel 
oil as compared with coal on the PacJlie coast is Worth to-day 
S>il cents. Even were oil to be need only as a fuel, the tendency would 
be for it to rise hi prSeo until it reached a point set by the value of 
coal in the saiiie regions. As oil has so many points in its favor, as 
ii?gards of handling, cleanliness, etc^, it is quite evident that 
eventually jt wil] be ^foUl at p biglier price than is war runted by its 
heat value as compari-il with that of ^ah 
Before the free iiatuml petroleum iti the earth h exhausted the 
nil shales of Colorado, I^talu f’idlfoniiii^ end other Statics will have 
Iiegiiit to hi- utilised as a source of petroleum- AW artificiiil oil 
made from animal ami vegetable waste probably will lie available to 
take its pltice. Even at the prssent time the neee^ities of war have 
led certLiiii of the EumiMian governments to utilize various substi¬ 
tutes for pelrokum and its derivatives, the substitutes in general 
being made from organic siibslflnces- 
In conclusion, the w riter might repent what often has been pointed 
out hy consen atlonlsts, that oil as far as possible should be u^d fur 
Uioso purposes for which we have no other substitute^ namely* for 
tuhrkants, i^fined derivatives, etc,, and not for fuel. If used (or 
fuelj it should not lie in conn (set ion with the wastefut engine, 

but in the Diesel engine and similar typea, which are so much more 
efficient that their doubtless wdli become more nncl more gene ml 
Ls time goes ou. 

t Df, Gm. Oil, Smllh tb# ditnUdia ot fjitlifiiknild iiotnlMiut ri^ ura/rt^ lb jJlii. 

JtMi. 1% rt. fur lUlO, Pt. II, f. 4111, ,1 Mq. 
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Ct>mparing th* writer’s estimates witJj of Dn it is at 

once apparent tiiat the estimates for the older ea^tru fid els have 
been reduced while for the westeni fiehls have been inci'eB&&i;l. 
This is ei^iJcciHlly tnjo for the Alid-Cootmeiit fields In which thciTj 
was little development ot the time Dr. Dst^s figures were compiledp 
In the ease of California ^ it has been found that the available satum- 
tioii is Iciis than was espected during the curly Idstory of the field. 
At the time the first cstiimtcs were made the field gas prcssni'e was 
high and water troahle hud not hecorne serious* ’n'ith the lapse of 
time it has liecome evident that a retluccd gas presisurc and water inhh 
tration necessititte materially cutting the (original lignri^ 

At the ptt?sent rate of cunsumptian of appi*oxiiiialely :3iirh000/!lfl(^ 
barrels per yeurj on estimated supply of hnrrels would 

last onljt approKimately^ 22 years. However, us tlie total pi^odue- 
tion of the I'ntied Staties will gradually decrease from year to year, 
it is frelieved that the total available supply will spread out over a 
j>er1oLl of from 50 to 75 years. Tlie price of oih which now mnges 
from 40 cents to $2 ]wt barrel (nverago* 05 cents) ^ deiwnding on the 
lociility and grade of the pnKluctt probably will increase to Hgui'es 
approxiuuitiiig Si jwr barrel for fuel oil and pi^ibly $5 or more for 
the lighter gniik'^. All other factors l)eing etjuiih a barrel of fuel 
oil as compared with coal on the Pacific coast is worth tn-dnj" 
9*1 crenbi. Even wero oil to be used only as a fneh the tendency would 
lie for it to in price until it reached a i>oint set by the value of 
coal ill the same regionaL As oil ha^&o fnimy points in its favor, bh 
regards ease of handling, cletinline^ etc.* it is quite eviilenl that 
eventually it ivill ixi sold at a higher price than is war runted hy It.=i 
heat value ils i!ompare<l with that of coal. 

Befoit' the five natural [jctroleiiiu in iUe earth is cxhaiisteJ the 
oil shales of Colonido, Fiah. f’HlifornjaT and other States will have 
l^guji to be utiliy.ed m a source of [Hjtroleutn. Also artificial oil 
made from iinimal und vegetable waste probably will l>e availatde to 
take its plaa*- Even at. the present time the neeesdtles of war have 
fed certain of tbo Euroi3ean govcrtiinents to utilize various sulisti- 
tutes for petroleum and its derivatives^ the aul^itutes in general 
being made from organie substances. 

In omdusion* the writer might repent what often has been pointed 
out by conEen'fltionIsts, that oil as far possible sliould Ik? used fur 
those ptirprjseg fur which we have no other sutoitute, riiiraely, for 
lubricants, refined derivatives, etc., and not for fuel If iis^ for 
find, it should not Ims in connection with the wiisteful ateam engine, 
but in the Diesel engine nnd simlhir types^ which are so much more 
efficient that their us® doubtless will become more and more genond 
Bs time goes on. 

1-]>r, Gf4. DUm BWillh ilInctbc of l^UfLirultf |^trot|ikjm tTmiurcfu ia Mku^ 

n**. Ph for laift, Ft, n, a. iie, et usq. 






TFIE OUTT.OOK FOR IRON.* 


By rrtif. JAKEfl Fcij4:a?< Kkuf, 
r?fifafnbr9 Unleertit^, 


The diKie of the nineteenth century produced nn ti.ttiturlc of mimi 
in m:iny students of mitional atTaira akin to tiint of a mei'chant who 
huiaticx's lufi books at the end of a twelvemonth. When the results 
of a yenr^ business have been demonstrated, the iiierchant decides 
on bis plans and polici^ for the futtire. He makes s reliable esti- 
tiiate of bis resources and learns his possibilities and big limitations. 
As a nation which looked over a hundred jenrg instead of one year, 
Ti'o were in niiicb the game position when the twentieth century 
openeil. 

From small begrintiiiigs, all manner of industries had reached an 
impressivo development. Some employed materials which were con- 
etontly reproduced either by plants or animals, and which, by im- 
proved methods, could be Increased in amount; but other industries 
were rapidly drawinj; upon fixed rcsen'es whicli could not be re¬ 
newed. We nutitrally began to forecast tlie future and. with a look 
ahead, to infer tho coni-se of events in the century then opening. 
Among tlie industries, that of mining enme in for special attention, 
Tt is a very great one in diis country, and it is distinctive in that it 
destroys its rnw materials in iitilisiing them. Forests, crops and live 
stock all grow again. Ore end coal mined are gone forever. Not un* 
naturally, in a fun^lamental industry such as Iron mining—one on 
which so many others rest,—^people vitally interested began to raise 
the question of reserve for the future aii<l to wonder in what position 
Ihe industry would find itself fifty or a hundred years later. We are 
not sitrprised. therefoie, to note dmt open expresmon was given to 
feelinc^i nf apprehension, nor that some prophecies were made whose 
i'CstAtemont now pos^ssics much interest. Xot alone, however, in 
our own country were thet« apprehensions felt. Abroad, they like¬ 
wise found expression, especially in England, whose people had been 
roused for years regarding the ftiture of their coal fields. 

In October, 1002, Mr, Andrew Carnegie, one of our most distin¬ 
guished ironmasters, wss installed as rector of the Univetsty of 

i bj p^rsijHlcta froio CcAtrllnittoBi fnm ibe DrurtiBi-at. ColiiHibtm 

VoL 37 , S'*, 1 








Ail N UAL BKTOiir flidVHmjsiAK ti:s’rm''noir, 


Scotland. He delivered n verj- interesLinfr address In 
stated that if tho rat* nf cowuniption of iron ore in tho 
t nited Shites djd not greatly increase, ive irould have n supply of 
Jirst^-lAss iron ore for only 00 or 70 years and of second-cinss for 00 
i-ears lunger. Jfr. Carnegie csilmated oiir damonstrotect etore of 
.mmmc<I ore at 1,000,000.000 ton& The consiimptton, at that time, 
wns bctiveen twenty-five and thirty mill ions of tong anniiHllv. All 
IwrsnnE ncU informed Upon mining matters woiiM infer that Iiib 
mining of « bil ion tons, now demonstmted. would reveal appredablv 
® divided by 25 gives a life of 40 xeaiL 

no or lO years was a not unreasonable figure. Yet this period is a 
relatively short one and the forwast justifies anxiety. Since Mr 
Camegiea addre® was delivered, the annual output of ore has 
ftoubled, and, imleas relieved by other considerations, whatever an^ 
prehensions were justified then are twice as emphatic now. 

Tn 1006 from three different spokesmen came prophecies ptmilar 
to those of Mr. Carnegie. Sir Hubert A, Hudfield, whose words re¬ 
garding the iron and steel industry ehoiild carry as great weight as 
any mans, m a preaidentia! nddneas to the British Iron and Steel 
Inrtitute^ forwarfs the call of the world’s furnaces upon the mines 
at the outset of the new century, and upon tlu, basis of known 

P apprehension. In the same year, 

the late Prof. Tomelxi^, long the chief of the Swedish (Wo'gicaj 

vutrey and with special experience in iron ore*, made a report to the 
Parliament ^‘eden. based cn a visit to this cmiotrv.* At this 
time the Swedish Goyeminent was iietively sharing in the develop. 

Curie, 1 he importonce of knowing the pait which Hiev might piny 
m the world s iron industry of the future was great, and tfie deter- 
mimtiDii ofthe hmiLs of aumuil output was a matter In which the 
Swedish authonties felt a lively interest. 

"""S» k"" » Wlliol, 

toiL, die <rther Lake feupenor mngefi. collectively, with as much 

niore; and the Eastern brown hematites with 60,000,000. This total 

since the niit- 

put in 100^ of American mmes had nsen beyond forty millions 
and a life of '25 years was thus indicated. But, of course h ,nnn.^^i‘L 
leScctioii sbovrs that the esLiniates are incompiole, since the Clinton 
of .he IW. ..d «.pecklly Of ,Uebe4 
lo the e™ jeer, 190S, (he let. P™f, N. S. Sheler eo„gl.t l„ ",1 
h» oeoiltoiMn U> en eppiecietioQ of the sitnatioo with MKini t« 
the mmuig mduetry k . paper of « popular uatun, on “TV e“ 

I Ih ar7p MDd *it}wcuiif sfl-tsOw 

-ft^firinE-ed is Irtsn Sifr. IMUt, 
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baii^ion of the World fi Supply of Frof^ Stiiilcr^ m geu- 

eral terms. coDsiders the supply of ores of idi sorts rettiaimng to us 
as, rougldv, t^veiity timts the amotmt already mined. He tltbte 
Biiother century will exhaust the European supplies of iron ore. 
The best place for the iron industry is in tlie Mississippi Tolley, 
and the ores tributary to it are passed in i-eview without definite 
figure!^ except for Alubuma^ to whoso Clinton red hematites a life of 
50 years is assigned^ 

Other papers proeeded, accompanied or followed the four specially 
cited and of tliese a list is given at the dose of tliis contribniion* 
They con not all be mentioned now^ and the ones briefly reviewed 
will sulhce to sliow' the apprehensive state of the public mind, here 
and elsewhere, from 10 to 15 years ago. 

As a eymptom of tlia widespread interest and as a natural step to 
prevent waste and to maintain os long as possible the material sup¬ 
ports of industries^ the conservation niovement sprang up in this 
country. It has taken form in annual conventiouE and diseu^ions^ 
and has been influential in matters of legidutioD. Outside the 
American boimdarieg, dmilar steps have been taken. Reports of the 
Canadian Conservation Commission regularly reach tm. 

In connection with conservation in general, iron ore haa been one 
of the chief subjects^ to be considered, and we are not EurpriJsed 
to find our Swedish colleagues, as soon as they were assured at the 
International Geologteal Congress held in Mexieo City, in 1306, 
that their invitation for the mecling of 1310 w^ouJd be aeeepted, 
began to pluQ a great work on the “Iron Ore Resonreea of the 
World/’ Iron mining is one of the chief, if not the chief, single 
industry in Sweden, The subjoets ihereforei. possessed great lo«?Ftt 
ftfl well as intemationnl importance. The associated authors in all 
hinds began to busy themselves at once with data and estimatea of 
resenes. A year after the nioveinent had been started by the 
Swedish committee and b}'^ its repre^sentative in this country, jv 
special investigation of Aiiiericim iron ore reserves was also initiated 
under the United States Geological Sun^ey with Dr. C, W, Hayes in 
charge of the collection of data. The result of these endeavors led 
to the preparation of as complete eslimates ns were practically 
sihle * They will be mentioned and atili^d later on. 

Before we can actually unde duke a discussian of the future, 
we must have clearly before us ^veral matters of vital import. We 
must know the large features of production in the United States as a 
whole and in the more important individual districts. We need to 

*■ [DttnutlEHuJ OnKrt^rlj, vtiL SL S30'?47, JOML 

i C W. BsilL SB4, U. ik 0. E., 70-1H, 1000. 
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brieflj trace the progress of production during recent venrs W» 
has been and to answer the cjueetions: Is the yieJd p«r tordecliniW 

jrade than were onr fathensi How do our o«s compare in ZZ 

^!h pi^Mctive areas? We can not overJook the 

Mtal Narmg of our sjipply of coking coal-n factor In pre®nt ii^on 
metallar^ not inferior to ore supply itself. We miisf consider 
»u^ of oro outode the United States and vet so situated as to 
contnbute to rmr famaces. We must also consider pme^t or ™1 
sonably certain future improvements in processes of smelting Xo 

The growth m the production of iron ore in the United States hris 
b«n $0 great as to be the chief cause of anxiety for the futitiv Ti 

Urn extremely anjdons that the 
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QENKEUL PROGHESS OF PBODUmON. 

By these Bgiircs a modest but steady groffth in the production 
of iron ore ia eltown up to 1SS4. A marked increase then developed^ 
which subsequent figures will show was chtelly due to the entr iiu™ 
of the Gogebic and Vermilion Hongesi A rapid growtii followed to 
1890; and then production held steady, or, as in 1891, temporarily 
dropped back during ptinic times. Following 18%, the growth was 
very marked and was chiefly due to the klesabi Bange. Hurd times 
checked it in 19(H, in 1908, and again in 19H. No industry is more 
a^mipathotic with general business conditions than is tha priKluotion 
of iron and steel. 

The figures also show that the great increase in output is dtie to 
the growth of the industry in the Lake Superior n^gion. IVithout 
the contributions from the lake, the country as u whole wonld be 
back in the position which it occupied in 18SB, with about 10,009,000 
tons tobit proihictioii. 

In general, if we look buck to 18R0 and take time by decades, we 
may say that to-day the production is twenty times what it was in 
18fi0; fifteen times what it was in IStO, eight times that of IS80; 
three and one-lialf liiutfS that of 1800; and twice that of 1900. We 
can not continue in the same ratio, but must ere long reach our 
zenith. 


/■carfarnrM 0/ i/te lake Utiprrtor ntifitM in tnfilioiu nf tnnff ton*. 
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^ A brief siitvey of the figures relating to the individual Lake 
.^upenor rang^ will juriify the following conclusions: The Mar¬ 
quette, Menomin^ Gogebic, and Vermilion Banges show a steady, 
normal increase in output, which is not startling nor one to catise. 
tinder ordinary clrcnmEtances, undue approhension. Some aignn 
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dwlimng output are tnanifest In the case of the Vermilion. The 
vast increase in the output of iron ore us due to the ii'Iesabi Range, 
and from it in 19]2 came nearly CO per cent of the country's totul. 
A marked dcelmc in available supply from the Mcsahi Tvoiild bring 
abont a greater falling off in oro supply than any possible increase 
in the other LaJce Superior ranges, or than the present swircca of 
supply from other mining districts, could make good- Tlie Mesabi 
Range is the key to the maintenance of the domestic supply at its 
present grade, and when it declines we must appeal to foreign sources 
to keep the iron and steel industry in its present position. 


TlErj> OF Britts ORES. 

Conditions vary greatly in different parts of the country; at 
different times; with different ores; and with tho entrance of new 
Boupcca of supply* It is a general truth that the richest ores are 
obtained in the early days of mining. As time passes nnd the in¬ 
dustry Iwoomcs firmly cateblished, lower and lower grades come 
within the range of profit. Alabama Clinton ores gave much higher 
percentages when mined wholly above the pennanent water level 
than they do now, when pursued below it. I'or many decades only 
lump ore, and much of that over 00 per cent iron, was preduced 
by the mognetite mines of the eastern Adirondacka Tfi-day the 
greater portion of the ore goes firet through a magnetic ooneentretor 
before It IS shipped. In earliest years on Lake Superior hard 
specular ore at 65 and above was sought. With improved facilities^ 
the grade came down to and below 60, but the soft ores found slight 
sale. Now the soft, earthy ores are the principal objects of mining 
and the average grade is well down in the fifties. Important ship¬ 
ments of ore with percentages below so have been placed on the 
ftcaniships- 

In the summer of Prof. Albert H, Chester.’ an esporienced 
chemist, visited the Lake Superior region in the endeavor to secure 
nverigc samples from the rtock piles of the larger mines, el] of 
course, at that time in the Marf|uetto range and shipping hard sp^i 
lar ottM. Four Bamplea ranged from 61,01 to 66.83 and probably give 
a fair idea of the ore at that time «nt away. Iron Mountain Mo 
ore ran M,87; Ijjke Cljamplain magnetites, 66.01 to 62.68- Tfint ’ 
N. Y.f fossil ore, 41.57, but yieldwl 43 in the furnace. ' * 


In Septembep, 1800 Geo. \V. GoeU* published a tabulated series 
of *mily»‘s from the four older Lake Superior rnneea wbirh 
averag^, afford the following values. To give a 
the analyais of each mine’s ore ought to be weigh ted with 

„ .h, d... for .1,1. 

.0~. W. 0~.. •• , ■*>. ^ ^ ^ 
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content with the geneml fngntlicaiice of ilit results On the wbote, 
they ^pply m with trtistworthy 
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These figiirea represent the good old tunes when Ssiwinkr ore wws 
ahnost the only one produced end before the soft ores began to be e 
fierious fecton They are^ howev^er, aignihcant, in thnt customary 
working percentages, such as thesG^ very probably w'cre not without 
their infliiencc in the estimates of the life of the mtigeSf set furtli 
by several of the writers whose opiniojis were cited in the introduc¬ 
tion to this addreos- 

iCaphaet Punipellj^ in connection with the siiroinaries of the Tenth 
Census,* estimated on tile best and most eomppelieiisive datn which 
we have ever had^ the general average of iron ores for the United 
States at 51^^ per cent irotL The ina?^imiim average fjcrcentage 
anuMig tlie States was that of Mi$iioiiris fiO-01 (but Michignii had 
hO.lST). The ni ini mum was West Virginia. 3T.92. Pcnusylvaiiia^ the 
largest producer of ore in that year, gave W.aS- On the basis of om 
production and pigdron prochiction, allowance being inade for mill 
cinder, foreign ores, etc., Johti Birkiubine estimated for the Eleventh 
Census* an average of ^iJlT for tho i^uintry at large* An appreci¬ 
able error crept in, however, in assumuig pig iron to ho entirely iron, 
whereas it is only about 05 per cent or Jejis metslUe initu We can 
hanJty compare this hgutw witii the one given by Prof, ruuipelly 
which was based on actual anuly;^ of samples* If we credit the 
7,000,000 tons of pig iron, as used by Mr, Birkinbiiie, with 95 per 
cent iron, the average is 4a7l, which indioitcfi an apprccifOjIo falling 
off in yield in 10 years. 

General estimatos of avenige iJerccntages which will !» trust- 
wortliy are dIflkuJt to carry out on tlie basis of annual statistics of 
tons of ore and tons of pig iron* Foreign ores contribute tc^ nn 
appreciahle degree^ ant] their yield cun only bo e^imated, Storks 
of mined ore, stored at furnaces or mines at the end of a year* are 
naturally credited to that year, hut Hiey are not tinned into pig 
iron until the following twelvcmoiitlL Mill cinder is also a con- 
tribntor of iron to tjie e.\teiit of a small iwrceotage of the loUiL 
The data for all these corroetions are not available for a long period 
of years, and, therefore, all could not be introduced in tlie fo!lowing 


■Tratlt lu, tQT tlu> ymr im. 

* Voltuiir va [Bdatrlfo, m. 
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c&timate^ Tbc imporintioDE could^ however^ be deducted, and t^ 
them on liTerage of 5B per oetit iron has been urbitrarily unsigned. 
The re^ilts obtained are so variable that their significance i» rather 
one of degree Uiao of actiiat Individual acciiracjp Hie EtatiEtic 3 arc 
diieflv taken from th^ Mineral He^orces for IBIO, page TG, Long 
tons are tised^ 
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1 ho viiriflttoiis shown nbove nro so pronounced as to cast soino 
doubt upon tlio^ iicciinicy of the hidividual percentages, but we nuiy 
bare fioino confidence In the gcnorHl tendencies shown. Wo can not 
iiiit be impressed with the apparent pnictice of the mining compimies 
of iisinfT lower gnide ore in g«)d times, as shown by high produc¬ 
tion, nrid saving higher-grade ores for had years. So far us recent 
years ure concerned, wo can only s«y that the general grade has de¬ 
clined, [ilthoiigh it docs not appear to be as low ns it was in 1070, 
when the brown ores of the East were so large a factor in, produc¬ 
tion. It. must be to-day well below 50 per cent 

In thi! last L-tiliitnn, and for the years beginning with 1800 , are 
given cak-utalions of average yield, preparwit by E. C. Eckel in.his 
valuable nnuiual on “Iron Ores," published ‘in 1014, The same 
figures for npparent iron ore consumption have liecn nad as in the 
calcnlnlions given in the first wlumn of the present fable; that is, 
the total annual production has been increased by imjKirta and by 
zinc resitiuum fi. e., used for spiegeluUen by the Xew dersey Zinc 
Ckv), and diminished by esporfa and by stixis on hand at the close 
of the year, Tl.e iinc residiiiim is only O.H to 0,4 of the 

total and makes little difference. But a decided difference arises in 
ralculating the yield of American ores if one nsautnes tliat piff iron 
IS pore iron, and lets the much Hcljer Importatione of foreten ores 

«oUin"?hf ^*7 elements in the problem 

«pUin the wide divvigenre m percentages of from 4 to lUrlv 8 

par cent between the average values given In this paper and thj 
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quoted by Mr, Eckel. Both cakulations depart from the truth ifi 
so far iis mill cinder, blue billy^ scrap irarij etc.^ enter into the prob¬ 
lem, since no account has been rimde of them. Of course, there is 
also a slight loss of iron in blast-furaace cinder. 

The great importiince of the decline in yield is the vastly increased 
amount of reserves which are thereby brouf^ht within the range of 
mining. As the average may still further decline until it roadies, 
say, B5 piU* cent, the roserveSt as figures to be given later will show, 
become enormous. Tlurty-five per centj however, is by no means an 
imreasoncddc figure for tlie general yield of the Jura^ic ores in the 
Lorrziino and Luxembourg districtR, which so l.irgely supply Brlgian, 
French, and flerman furnaces. The same statemerit will apply to 
the Cleveland district in England. The great reserves of 35 per cent 
ore in the Lake Superior disstrict are, however, highly siliceous, 
whereas t!ie ilnrassic ores are b^ic. In Silesia, in southeastern Ger¬ 
many, even lower percentages are not esteemed beyond the possibili- 
tiesL Thirty-five per ccuit is therefore a not unreasonable figure to 
consider, when a long look ahead is taken. On the other hand, in 
comparing the yield of the urea in different lands, a distinction should 
be made U^tweeii exporting and smelting countries Exporting coun¬ 
tries nece^rily must furzii^ high-grade ore^ so as to meet freight 
charges incident to long transi>ortatinn. 

ESTIMATES OF RESEflVER, 

Sini'e IfKJ.'i, SRVernl estunates of reserves have lieen made, of which 
ctmdensed sununaries msiy be cited.^ The amoiintB are in millions of 


lung tons. 
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4.075-1.575 

ScJtlthern reservoa for Uie remote fatare wen? estimatoU at 
10 . 01)0 mUlloD tons. 
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1600. : 


Bake Superior __ _ __ _ l.lHfll 

Soathera _ _____ BSlBO 

Now York . _ __ ■ . __ _ _ _ _ _ 

New Joraoy__„^ ------ 135 

FDonsylvnnJiL __________ 4^ 


Kfjck>' Moimtain _____ 100 


4, 482.0 


IXm. Mlnnesota-^tTehliriiii Tos Comnil^Lan, J. U. 

Minnesota and Mlehlgnn ___ _ __ 

I&ISl K. cl Eckel; 

Lake Superior ____ _ __ 

Noi-lhwwFtem .. .. .. . .. . _ 

Western ___ _ . _ . 


Pinlnj^ cnirlnoer 



BlrmlnetkOin , _ 

TOMJi ____.- , ___ 

OtbDT SauttH^t Stalos _ 





2,000-2,500 

aoo- tm 

300- 700 
1,500-2,000 
BMM.OOO 
WV 750 


5,200-7,500 

Tlie ccffioplcte of nil the eatimtites is that of Dr. C. W. Hnvea 
in Butletin SM of the ITntted Sttites tieologicul Survey, IWOit, Tiie 
cstimiites »ro dh'ided into two classea of ores; first, those htb liable 
Milder ppes»Mt conditions; and second, those which con» within rea- 
sonablfi possibilities of utilization for the future. The statistics are 
giren in long tons in millions and decimals of a million. 
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The cstimutes for the Eleventh InterneitiooaL (leota^csil Congress 
were grouped in a somewhat different maimer, as follows: 
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As shown earlier, annual production in recent years ha a 
totaled bat ween SO and W miUjoris of tons. ns assume that 

it will be 60 millions in the near future. Dr* Hayes s estimntes 
indicated, practically 4.S00 luilhone of tons of avaikblo reserves 
or eighty j''ears- supply. The esrti mates for iho Inlamational 
Geological Congress of 1010 are not appreciably differetit- By 
just so much as tbe annual production exceeds the amount of €0 
millions, will the time be shortened^ except in m far sa furiher 
exploration opens up new reserves. In mining enterprises in gen¬ 
eral. however^ if the nmnagemi^nt of a company felt tliat it hud 
eighty years fairly well assured^ it wmild congratulate its ^ock- 
holders on the outlook. This attitude of mind would be justified by 
the common experience in mining the ores of such a widely dis¬ 
tribute^] metal as^ iron^ that new reserves open up in old or new 
properties as old applies are exhausled. 

On tlio other hand, if we anticipate the general decline in the yield 
of ores, so tJmt lower and lower grade reserves may be brougiit In; 
and if we aH^umc thnt more tons of ore will be required to furniab 
the usual output of pig iroii} such tliai the annual output of ore may 
reach LOO mitliotis; then from the probable addition of reserves, 
given In the second column of estimatest we forecast from practi¬ 
cally TfijOtJO million tons a life of ToO years. That iron could be 
produced in these amounts and for this period of time, there can be 
no doubt, if we omit consideration of cost and if we only consider 
po^ible ores down to 3^ per cent. Iron-bearing rocks of still lower 
percentages are so abundant os to be ineihaiistible. No one neoil feel 
anxiety about the physical poesibility of producing iron up to the 
coneeivable life of the race on the planet 
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la earlier pages, Uie point was eiapliasisetl tlrat the crux of the 
present situation lies ui tlie ilesabi Hange of &liiuieaota. Of (Jj& 
55.1 million tons proituoed in 1912. 32.6 mtUiotis came from it. The 
chief point of inuncdiato mteieot, therefore, is concerned with the 
life of the hfesabi. Its decline means great reurraagementa in the 
present situation in the iron industry. The most recent eatimutes are 
those of 0- H. \an hlise, C. K, Xjeith, and AV. J, Mead, in cooper¬ 
ation, as given ia Monograph 52 of the United States Geological 
Sur^'ey. J9ll. Fifty per cent of iron in the dried ore is assume^] as 
the ininimuin average yield at the time the estuuiites were made*, 
1,600 millions of tons were then credited to the Mesald {p. 439). The 
output for 1010, for ttiis range, Mas ;i0.57 millions, imlicnting a life 
of a little over 50 3'eMre. At the production of 32.6 millions for 
1912, a life of almost exactly 50 years is shown. If, on the other 
hand, a tnininium (lereenluge of S.'i in iron is considered, the same 
authors ussi^i to tlie Meaahi Kange reserves of 30,000 ujilliDU tons 
fp. 4tV3), which would jpvo us 360 years of life, even at lOO million 
tons annual output. 

^ The aiJtliors of Mimograph 52 also discuss the reserves of tlie en¬ 
tire Lake Superior region. The reserves of 5(1 per cent ore. in the 
otlier ranges than the Maaabi, are leas than one sixth its aumuat, and 
their combined output about two-afUis its total. Their estimated lifo 
ia thus much shorter. The time period lies betvreen 20 ami 2.^ yeare. 
AAlien. however, we consider a minimum yield of 35 per rent, their 
combined resenea are greater than those of the Mesaiii, and are 
estimatml at 37,630 millions of tons. If we credit them witli two to 
three limes their present annual output, a life of fully 1,000 veare 
is diown. * 


Thus one can attack tin? problem from various points of view, 
and with varj ingassumptiona; init the conclusion is Uievitable that 
the output of ore from the Lake Superior region can not bo kept 
up at the piusent prcMluction and with a minimum yield of 60 per 
<OTt for as much as 50 years, unless unanticijiatcd new discoveries of 
rich ore are made. With rliminyiing yield, however, and with the 
^or sUll at percentages above 35, the aliipmeiits of iron ore, even 
in increasing amounts, can be maintained for centuries. 

U‘t ii.‘i turn next to Alabama and its closely related States, Georgia 
and Teimcsiee; dnre, togutiicr, they constitute the .second renter of 
ore pr^uction. The great resenes lie in the Clinton ores, which 
are weU rtratifieil and whidi luivc been and will be Explored by bore 
hol^ The verves are much increased by tbe brown ores of the 
region and of northwestern Alabama, and bv the probable devel- 

^ hematites in caste™ Alabama: 
Th f alon® Hirerteit at this point to the Clinton oresL 

The latter are well slretiQed and fiersistent and are now proved 
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bj such «xt«nsivfi exploration, tliut witli much confidence tpc may 
credit thotn, at least in the iSlrmiiighum regiuiif with Bfi to 37 per 
cent iron, und may consider the estimstos of resen'cs os iinusiiallv 
trustworthy. Dr. C, W. Hsyes, on Uie basis of the careful field 
work of C. F. Burdurd/ estimated theut at the following amounts 
iu millions of tons. 
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Air. E. C. Eckel bad previously ciredited the Birmingham district 
with 1,000 million tons^ n number not unduly above the sum of 
tlie two figttres for Birmingham given above. The olKcers of the 
TennesstH: C.’oal £ Iron Co, cDnsidered, in 1909, in round numbers 
5U0 million tons as reliably usstired. 

The combined output of these tiiree States in Clinton ore was 
practically 4 millions of tons in 1912, itidJcating ut this rate 111 years' 
life ttssurvd. and over 200 years' additional Ufa us probable. In 
these estimates wo do nut assume an esiiential fulling ulf in the 
yield of tlio oi'cs below [lercentnges actively mined to-duy. 

Were wo to take up the figures f(»r the other [>orti»ns of the 
country very similar results would be reached- But, as their con¬ 
tributions are pruportiuuately smaller, the elTects of iv'uri'ungtuneiits 
are less serious. Obrioiisly, in u general way, viewing the country 
nt targe, and allowing fur reasonable decline in yield, the ore supply 
is good f<*r several centuries. 

KoUKtOS SOUHOES OP SUPPLY. 

The yield in the furnace is certain to 1>e maintained, in an im- 
l>ortimt manner, by Impoitntions of rich ores from abroad. These 
contributions are already ii scrions factor, since they umnttntod to 
S.l million tons in 1910, and had r^ched 2.5 millions in 1912, rang- 
ing between and 4.<J per ecnl of the total. 

Thu most accessihle and the heaviest oemtributor of ore is 
Cuba. The mines in the vicinity of Santiago, on the southeosU'rn 
coast, have been sliipping for 21) yeonj amnunts which tinnually 
TWnge below and above a half million tons of oiugnetite, with some 
hematite medninically intcrgrown. The ores now ruu from 55 to 
W per cent in iron and are of Bessemer grade. For some years addi¬ 
tional, these contrihutiuns will continue. The great and enduring 
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rwfervcs, howeTer, ar« oq the northeastern coast or near it, Ejctcn- 
fiive areas of serpentine have weathered in the tropical climate so as 
to afford a heavy mantle of alteration protiucts, wldch when freed 
of alisorbed water yield 4® per cent iron, witli about 1' per cent 
nickel and I to 2 per cent ehronimm, Wlien frcetl of additional com¬ 
bined wafer in calcining furnaces the ora reaches 56 per cent iron. 
The Mayari tract, already actively mined, can yield 000 million tons 
of excellent nickel-hearing Besaemrr ore. Tlic undeveloped Moa and 
Snn Felipe (or Cubitas) districts can swell the reserves to 2,000 
million tons. Thus, as the output of the mines in the United .States 
falls lower and loiver iielow present percentages, more and more can 
the grade be kept at or near the ab<nne values by Cuban contributions 
to furnaces near the Atlantic seaboard. The supply of Cuban ores 
is sufficient to 1^ several centuries, at any reasonable consumption 
of oonceivable importations. They are very conveniently situated 
for low costs of mining and shipping. 

^treden.—In recent yen re, the second contributer to American fur¬ 
naces has been Sweden. The supplies have come from the greet mag¬ 
netite body at Eimna, in Swedish Lapland. The ore reaches the sea 
at Kanik in Xonvay.a portopen all the year rmmd, and distant from 
the mines 100 miles by rail. A generally high phosphorus ore is now* 
^ned, with a small pniiJortion of rich Bessemer grade. The output 
is sorted into different grades, possessing from 50 to 60 per cent iron, 
witli perhaps a general average of C5. Iiiiftortations in 1013 into this 
country were practically 334.000 (ona. The output of the mines is 
carefully regulated by the Swedish Gorernment with the purpose of 
conserving the supply for a long life. 1’lie United States can not an¬ 
ticipate more than a moderate contribution from this source. 

Aocfcrty—In Norway, not far from (he sea and adaptwl to mag¬ 
netic concentration, there are additional deposits which are possibili¬ 
ties for the future. One enterprise, is already active on the extrema 
northeostern frontier of Norway, east of die'North Cape. The Eu¬ 
ropean furnaces have, however, absorbed the output IdtheHo. 

jVctr/oHfldfW.—Tlie third source of importations, in recent rears, 
has been NewfoundlomL The shipments come from the red hema¬ 
tite mines on Bell Island in Conception Bay. The ores are beds of 
red hematite in Cambrian and Ordovician strata and are strongly 
reminiscent of the Clinton ores. They supply a non-Bessemer ore of 
50 per rent or slightly less, in iron, and in their best vears have ex¬ 
ported over 200,000 tons to the United States. The ieserv^ which 
run beneath the «a are estimated by J, P, Howler nt over 3.000 mil- 
iioDB of tons. The ores are generally called the Wsbana AVith a 
voyage of 1,100 to IJSOO miles, they can reach our principal ports 
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of entry. Their chief mcirkets, however, arc the iron and steel cen¬ 
ters of Sova Scotia. 

riffep—Tlie Panama Canal has made accei^ible one great depoidt 
or iron ore on the we^ coast of ChilOj called the Tofo. Toifo is fld miles 
north of Coqnintbo^ Tiie ores are only three or four miles from the 
aca. The Bethlehem Steel Ca is making extensive preparations for 
shipments on a large scale in the immediate future. Published de¬ 
scriptions mention reserves of 100 million tons of ore ranging above 
and somewhat below 00 per cent and prevailingly of Bessemer grade* 
A possible anniinl output of 1.5 to ~2 tnlUiotis of tona is expected^ 
(Iron IViay lli 1914.) Other deposits along the west coast of 
South America have been reported in an incomplete wajj but are not 
yet sufficiently developed to seriously enter into our forcca^ts^ 

Bm3iL —I'^or some years past reports have been current of very 
InrgeH, rich, low-phosphorus deposits of specular hemaiUc in the State 
of Minas Geracs, Brazil. Tlicy con^ittite beds in metamorphie aedi- 
meuta of pre-Cambrian age^ and appear ^me three hundred and 
seventy-five miles from Uie seacoast^ Deposits of hard specular 
hematite and loose hlocka on the surface are available in enonnoms 
quantity^ Tlie flr^ estimates* for the Eleventh littemational Geo¬ 
logical Coogrefis, by Orville A* Derby, the able State geologist of 
Brazil^ 2,000 million tons- Since then the observations of Leith 
find Harder indicote more than tliree times this amount* Vast quan¬ 
tities run between and 70 per cent in iron and are well within 
Bessemer limits. The chief linndi-cnp lies in the long railway haul to 
the sea. ^\Tiile railways tap the flistrict, both from Bio Janeiro and 
Victoria (the latter the probable port of future sliipmont-s)* tlic 
present roadbeds are not ada]>ted to the liard wear ami tear of a 
heavy iron ore traffic and must lie rebuilt** Once on shipboard^ the 
distance to Atlantic ports h about 4,000 milesi 

Etircpe and Africa. —^The Fnlted States also import appreciable 
amounts of ore fi'^oni Spanish* Algerian, and Grecian ports* Spain is 
the chief contrihtitori approximately 440,000 tons reaching Atlantic 
ports in 1910* To some extent, therefore, declining American per¬ 
centages may l>o raised by future shipments from these sources, yet 
as time pas^sf^ British nnd eoutincntal needs will be even more press¬ 
ing tlion American and will call more insistently for supplies from 
European and northern African mines. 

Ttie possibilities of importation and sale tum^ however, upon mar¬ 
ket conditions, Thmugh the kindness of Mr. Charles F* Rand, presi¬ 
dent of the Spanish-American Iron Co*, the following figures have 


^ lAtmt m^ant li |ij a C, IlEnJir, Tie Iron IndtUIrr ol BimU,” Tnwt^et\mj$ 
W ihr Aiiii?rtcfa& Iiutltiitit of UIaOic Enalatera. 
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been s'Uppi.ied the writef. They i>utTimarizc muiket coDditlons and 
ocean freigiits as they have prevailed in recent years: 

Ocean Jiieight from Cuba is 9»t cents a ton; from Wabnna, New¬ 
foundland, 70 cents; from (i. 6., fis. DtU) ; from Sweden, 

$1.50; from Spain, $1.37^; from North Africa, from f’hile, 

TJlrhon the ore reaches American porta, it brin(«t as a gene [a 1 rule T 
<^nts A unit, although specially rich and pure varieties may com- 
niurtd 8 ctmts. From these data, in a general way, one can the 
market conditions which must be met by an exporter of ore from any 
one of the countries which are the chief contributors to American 
furnaces. Ocean freights, for some time to come, certaijiiv will not 
he less than in recent years, even when HeAgoing bottoms can he 
securetL 


THK SfUPPl.T OF OOKEL 

So lung as iron ora is turned into pig iron as the first step toward 
Btecl, AS in our present-day praclico, coke will be no less vital to the 
indostry than ore itself. The relatively great height of a modern 
stock and the heavy burden of charge which rests uiion the still 
burning fuel demand strong and resistant coke. Not every coke will 
lOiswer. From an address by Mr. J. E. Johnson I>efore the Jlining 
anil Metahnrgieal Society of America, January 12, 1915, tim fol¬ 
lowing figures are taken; From 59 per cent iron nre a ton of pig iron 
may be made with 1 ton of coke. These conditions are npproxi- 
niately tln^ of I^ke Superior ores to-day. From a aS per cent ore, 
A ton of pig rttiuires 1} tons of coke, conditioog approximately lho.so 
of Alabamn. .Should we ever use 25 per cent ore, 2| tons of coka 
will 1« necessary to the ton of rug. ^Vlmtevcr may be aaid, therefore, 
regarding the coke supply to^lay will apply with incresring foreo 
us tJie years puss and the yield of ores declines. j:knthracite coal has 
been, to a certain extent, used in the iron furnaces, hut its dcsirabllitT 
^d inereasing price for housdiold fuel and for steam puri>oscs in our 
Eastern cities make it a factor in future iron metallurgy^ of diminish¬ 
ing importAneo. Open-humiug bituminons wal has been used raw 
to some ex tout, hut is not now a serious factor. 

The following table Eumimrixes the bituminous cool reserves ns 
calcnlutod by M. R. Camphell, of the United States Geological Sur¬ 
vey, mid as given in the Minerel Resoiireea of tlie Unitod States for 
1£>10, page 28, Only eaistem coke-producing States are ^ected be 
catire the present effect of Rocky Jlountain States upon the total 
^It IS not greaL The influence which they can oxereiaf upon the 
fiitiire 1 .S small or renioto, Tlie asmo is true of the Pacific coast 
and ita possible future industry in iron and steel. In the table the 


OTJTLOOK fOB tEIJN—KEMP. 


305 


total bituminons coal reserves have been reduced by an arbitrary 
fraction, whicb is assnmed to represent the portion of coking grade 
siiituble to blast-furnace use. Much difference of opinion might 
arise over this reduction. Its importance turns, however, upon the 
ultimate result; tliat is, if the supply of coke proves to be u less 
serious tualter than the supply of ore, these fractiona might vary 
widely and yet not destroy the relinbility of the final resulL In the 
fiirtlior calculations 1 assume that two-thirda of the coal can be 
ultimately mined, one-third being left in pillars. In passing from 
coal to coke, I use tlie same percentages of yield for each of the 
States as an: given in the Mineral Resources of the United States 
Geological Survey for 1012. Part 11, page 251. The estimates arc, 
moreover, williin the probable reserves in this additJomil i-espcct 
that no account is taken of Illinois, although its weak cftking coals, 
when mixed with others in by-product ovens, give suitable fuel for 
blasL-furnuce use. 


RrMrrrrit of hitMminmM rfttil of iwIriRj in ntillUmit of fonp tmiM. 
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^rho production of pi|^ iron by in It?*!-—maxi mum year 

as yet—is gi vtn in Uie statistics la the ne^xt table in millions of long 
ton^. The Figtiicft are tnken from the Minonil Resources for 1012 of 
the United States Oeological Siir^'ey. If we assume tbut the coke 
comHiraptlon per ton of pig iron is one ton in tliose States where 
I^inko Siiperinr ores or otiiors pf|Hal]y rich an* iiBcfb fitie and three- 
(juarter toils In Alabama, and one and onc-lmlf tons in WesfSt Vir¬ 
ginia and VirgiriiR we can make a rough climate of the coke ooti- 
.sumption for pig iron nianufacture in a tiiaximiim yean 
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Wfi have thus an appaxent a vail able oofec supply of 50,&S2 million 
tons, and ii consumption for blast-fumaco pur[>o 9 cs, in our heaviest 
year of production, of 31-20 millions. There arc thus over sixteen 
hundred years’ Hupply at this mto. In Pennsylvania, on the assiuned 
ratio of coking coal, there is about one thousand years’ supply. These 
time periods are so great that despite possible errors in assumptions; 
despite increasing coke consumption with lowering of grade of ore; 
and despite increasing output of pig iron, we seem justified in con¬ 
cluding that the fuel supply is mther more abundant than the ore 
etipplv. The reserves of bitiiminous coal in 1912 were placed by the 
volume on Mineral Eesonrees for that year at 1,651,057 millions of 
short tons of which two thirds or 1,100,705 millions of short tons 
could be min^. With an annua 1 production, as in 1912, of 150 mil¬ 
lion tons, a life of nearly twenty-five hundred years would be indi¬ 
cated, ,\ppareutiy coal for general fuel will last longer than coal 
for coke. 


TEIE IXCREASING STOCK Of SCIUf tRON. 

Much of the iron or steel, once it is used, is lost by oxidation, wear 
and tear, or by being thrown away. A goodly p^po^tion is, how¬ 
ever, returned to furnaces and worked over. For this purpose, in 
Americo, the electric furnace has proved of special advantage, as tho 
writer learns from Prof. .1, W. Ekhards. With growth of produc¬ 
tion and with increasing attention to the prevention of waste, now 
«i gcnprally manifested throughout the countrv, the return of old 
iron and steel for re-treatment is likely to ease somewhat tJje strain 
uti the 

iMPnOYEireN'T IN’ PROCESSES, 

EiwtricaJ proccfflcs of smelting, in regions of great water powere 
and low cost for current, have excited hopes of saving fuel. The 
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fuel m the bkst furance acamiplisbes two pur[MHiJe6—the pmdiiction 
of a higii temperature and the rediictioji of the iron oxide to the 
metallic state- The electric furnace could aerve to replace the former 
portion j but carbon for the redudiun of the iron oside would always 
bo necessary* Somo heat of cour^^e, would bo developed in the re¬ 
action itself* which practically implies the comhnstion of tbo carbon. 
If we assume a pnicdcablc electric furnace, compiirable so far as the 
instalktion h concerned with ii blast furnace, wc have to balance 
against eatli other the cost of heat from combustion of coke and from 
electric current. Thus far cf>ke has proved more economical al¬ 
though it is concttivable that countries like Sweden and Norway, with 
abimdant water power and ores, but without coal, might develop an 
electric smelting industry. Charcoal would probably then furnish 
the reducing agent For some time to come, we can see little chance 
for electric smelting in eastern North America. 

Improvements are then reduced to those po^jsjhle for the blast fur¬ 
nace itself* We are reininded of the great economies introduc^ by 
the chilling and srpamtion of the moisture in the air to be used in the 
blast. A gmit debt is due Mr- James Gay ley for this invention, 
w hich steadies the running of the furnace and keeps conditions uni¬ 
form. IVe recall tlie use of the spent blast in mtemaUcojnbustion 
engines, and the economical generation of jjower in this way instead 
of through the ordinary inediuji!i of steam. The power b then avail¬ 
able for all mnuner of npplicatiuus around a works, and lowers ousts. 
Wc note the recent and very enc€>araging esi^erinietital nm of some 
months »t the Port Henry, N. Y., furnace, with large proportion of 
titanifsmus tnagnetito in tlie charge. The reports of Mr. J. F. 
Bachman,^ in charge of the furnace, do much to remove the stigma 
from this variety of ore and to make available large reserv^es now 
looked upon with suspicion. By just so much a» these neglected 
ores come into us6 the life of the nontitaniferDUs varieties will be 
prolonged* Dr* C. W- Hayes ^ estimaled tlie titaniferous ores in 
IW& at W million tons available and 128.5 million tons as not at 
present available. Dr. J. T* Singewald ^ has concluded that in some 
of the areas iiBed in the calculations of Hjiyes, tlie ores are too 
low for probable txse. Tliei^e ores have not been very generally ex¬ 
plored us yet because of their bud reputation, but the amount Is 
quite certainly large. 

A remote possibility for improvements in the blast furnace but 
one worthy of careful consideration was suggested by Mr. J. E. 
■Tohnsori in the address at the annual meeting of the Mining and 

Iren OirL 22, IBH, p. asfl; 24. p. 14t0- A nport U In 

prrmA In Ihv aubll^TMtlbni tbr Iroa aad Stp#-! HutlEulc^ 

■C. W. ET«r^, BallftlD atH, 0- ^ OvOlo^rml p. I Wo. 

■ J. T. Stiigi;«4l4. lIclilGUa Oi, UurfAu of p. 8S, 1013. 
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Sfetiillurfncal Society of Amorica, JiiTiniirj’ 12, 1915^ vrh.]ch haa been 
iilready cited The air paasing thmitgi, the ftimace is, by volume, 
nearly four-fifths inert nitrogen, which oontributea nothing to the 
reflctione and ts a serious abeorlier of heat. Were it possible to 
Fclotively incase the proportion of oxjgen, loss of heat might bo 
avoided and fiiel consumption reduced. Mr. Johnson called ntten- 
t^^on to the production of greatly enriched proportions of osvgen 
by the expansion of liquid air under suitable contnil, as now us^d in 
practicable pnweasra for obtaining osygun on the one hand nnd 
other. Wera it posaible with the low-cost power 
to l>e developed *by the products of the blast furnace, to manufactum 

EOneral way e strongly enriclicd 
oxT^nated mr for the intake, the volume of atmospheric mni 
-«urd ^ greatly ^uced and the beat economics would cnsnl ^^0 
contrai,! presenud by employing the coldest sulwtance known as a 
neo^ of facj dating one of the hottest reactions of technical Drac- 
tice IS so novel as to arrest attention. Costa, however, should it ever 
bcfamic practicable. pi„cc it in the remote futiira 
A more iinmediiiUdy practitoble economy invoh-ln- # 

waate, is (he use of blast-furnace cinder C Jll / . 
cement. By just so much as this ordin^ily reielrlTmlSct 1 
made a source of financial return, costs will be reduced B'inic «« 

7J ll.e wbia,™.! p„»„w jT; ‘ 

when be pictured tJie furnace of the futum » 
ni^v cement at the cinder notch vet wi 

tl« wor?/the oie wh-T-'^® ts I'clping to usher in the ne.rt ‘age nf 

iiH one which we all recognise as the Incvitiibb age of cement. 

timLUKiriAuiii', 

im n«torlal AUOr0«. Fnl.cpafty of St, Anrtr^^w^ <M. 

J. Steplieft Jcaiia. fitBflfopiBhlre Ima nnd stwl Inatimte, tiw in hw 
troll ani! Cue I Trrnliv Ibwlrw, viij. O.'V pr>. loStj, losj, ’ * 
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ON THE OIHGIN OF METEOKITES.‘ 


By Fumt&JCH 


In the Itinierial Court of NiitEOfiul Hishiry there is prc- 

bi^rvet] whiii b literuLly a hoEivciiiy Its i>eculiiir luiture b 

%vell known io the profussionids of eulturwl nsitiom, lUJil tu all in¬ 
quiring friendly uf naturPt while it h negarded by the great unijority 
of pe^iple more with the vague uncertainty with which one is usually 
necusUiitiecl to present to strange, imusual things. I cjvn assert with 
ajme sati^jfaction that!, thunks to the occasionaJ court boards of ad¬ 
ministration, to the mtendunrs and to tha former keepare of the eoUec- 
tipUt we liavo in this scientific tfcjisuro the largest and scientifically 
the most valuable collection of meteoritest and the richest in number 
of falls in the world. Becaui^ of tills circumstance you will certainly 
Eympatliizc with me if I, as the present superintendent of this 
preciousf collection^ consider it my patriotic duty at ytmr worthy 
and himornblc itivilation to explain bricily one of the most interesting 
chapters in the loro of meteorites. 

Tlie knowledge of stones which have fallen from heaven extends 
into the oldest history of humanity, bock into prehistoric times. 
Among the Chinese the mentioti of heaven ^ones goes l»irk to 6,OOf) 
years, and tlio fact of failing stones has always been recogniEed by 
the people of Minor, by the (?reeks and Ronianjj, and we miisli 
not bo surprised if these “ me^ngers of heaven ” were generally re¬ 
garded as divine gifts, BtJt with the advance of Christianity an¬ 
other opinion has become prevalent. The many meteoric divinities 
do not conform lo its teaching and the system of the Eomiin estab¬ 
lished church. Gradually there waa Jo^st the oriental conception of 
them as blessings, and people begun to regard them rutheras ^ prodi¬ 
gies,-’ or mirnculotis events, until tlirough the whole Middle Ages and 
modem times the falling of metcoritefi was considered ttie foreboding 
of approaching misfortune, and the occurrence occasioned in bnimn 
beings only a feeling of fear, horror, and terror. 

* Tr»njiJat[QTi frtw Um 7 Gflmwii cf l i«taM la the ciab i^J Vlenia on the 

26th df Jiiaunrj, iai4. 
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By thu jiitter piirt of the eighteenth c<sntury the fact of the M\lng 
of blDEcs had fiEalJy sso f^rbecii forgotten that a tiU which occiined 
near Luce iit Frnnte in 1108 can^et] great embarras^uieDt to the pri>- 
fessors and academiclmis at Paris, because they did mt know what 
to make of the event as relitteil and the until then unknown materiaL 
Lavaiaier^ at that time a young cUetnii^, but wLg afterwanis liecitme 
lanioin^ stated that the meteorite niiglitbe a kind of iron pyrites. 

In ^''ieima, also, there esisteil at that time a eomplete disbelief in 
meteorites. The then director of tJie court rainural cabinet, Andn 
Xaver Stfihc, espres^ed hlm^lf coDcemiiig the mass of pure iron of 
Agram. w hich fell in 1751, ntid with tJie Hcquisition of wliich our me¬ 
teorite collection was founded, as follows: 

Certal&ly even ihv rlcrr aei».sn at tJermniijr In 1751, uwinc la the i^ross Jgnar- 
iiijw pirvalUDj^ Ht timt Umr imtarnl lilalarr anU prurtlcnl phyaim, 

jaay hurt* belle vimI tlic Irtaa mna^ia of Aipum and tncb}jtu(lt to hnte 

Idllva fitjia liGuvcii, but Ja our Mmm it woald be uupanlonabte to codsIeIot 
such fEilry talra mea probable. 

A HimilttC conception prevnilect also in America, for when someone 
tolil President JefFereon in 1807 that two professors iied described 
tlie fall of n stone he declared **one can rather botieve tliat two Yan* 
kce professors lie than beUeve that stones fal! from heaven,** 

The (tonnun pJiysicist t’libdni in the ywir 1791 first dial longed 
(his disbelief in meteorites in his iwper on the Pallas iron, 4 i.nd lie 
commended metcorhea to the scientific investigation whidi tliniugh 
the wholo past century has been nealotisly kept up and furthered by 
certain sdiolors, es|iecially here in Vienna, 

Xaw, what do we denote as meteorites! You have doubtless all 
observed on clear, clcaultess niglits the stidden appearances and 
again disappearances of light and fire in the heavens Such are 
known to us as comets and mete4>rs, and meteors are again distin¬ 
guished as Steraachnnppen (shooting stars, ctoilea filantes), and as 
reuerkngein (fireballs or bolides), Tlie nstronomefs regard tb e g a 
three heavenly bodies, which aro not mem hers of our solnr system 
us identical, one with imother. They arc connected by Inter^da- 
tifflial forms, and tlieir varying appearances are but varying phases 
of one and the same natural phenomenon. 

This identity of shooting stars and of firebalU w© must, however 
to day regard as quite uncertain, since there arc circumstances in¬ 
dicative of their independence of each other as well as of comets. 

men fireballs coming from various directions in the heavens reach 
the neighborhood of the emh, whore on dark nights they afford to 
human beings a sight amusing amarement through tho lighting up of 
the landsca[>e over which they as bright as day. tli©v are seen 
to burst, usually with an explosion, throwing out streaiiis of fire 
accompanied by a noise comparable to the firing of musketry. Dark’ 
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ness follow 3 11 nd tho solid musses foiiiuiLg the kerned of tho firebails 
fill! to OLirtb in separate fragments^ or as n shower of stoties* 

These sol ill mus$i^ eotmsting of stone or irom which reach our 
planet frtrni spac«, ajjd are tninsfortned into balla of fire only in oar 
iitmtisphere, we caiLl met^rites;. Suck Weltspahne ^ world frag- 
nients), as Chladni once tidied tlieni, have bean given different names 
at different times ai^eording to the conception which people had of 
their origin or their character^ as btictylue or bc^eelte stones, sky 
stones^ tljufidcrstones (ceraunStes, bruntoliths), diundei bolts, air 
stime% moonstones (iininofitlts)s and at present tlicy are often cafiril 
aomiiths. a name first used by Khiinenbach in 1804* 

Concerning the origin of thc^ ^ne and iron masses opinions liave 
greatly varied from time to time* 

Wlien Ohhiilni*s epot'h-making work (Tlie Pallas Iron, 1701) nver- 
canie the doitbt ii^ to the filing of etone and iron masaes from the 
air, people began to $eek explanations for the mysterious and still 
incomprehensible phenomerui of the Fenorkugoln and to ndvanco 
opinions as to their origin* 

Pfls&iing over the beautiful, mythical conceptions of the oriental 
peoples, which have been already referred to* and the assumption in 
the middle ages that they might be due to lightning, one caji generally 
diviile into two groups thoso hold trig opinions fis to tho origin of 
meteorites—that is, into suppoiiers of tlm hypothesis that they came 
from space and did not belong origin [illy to the earth and its atnn®- 
phere, and tire supporters of the hypothesis that they did originally 
belong to onr planet Each of these two maiii groups falls again 
into subgroups* finisl tli© suppprters of the hypothesis that the meteo- 
rilea come fmm imUmited space and the porters of the hyjjothesis 
that they are ejected from lunar volcsmoe^ The second large group 
upholding the terrestrial origin of meteorites is dis'ided into two 
sections, those w ho think that they originated from the constituents 
of the utmospheFo and thCH* who con slider tliem ejected from terres¬ 
trial volcanoes* 

A suggestion of Proust that meteorites may come from the [xileB 
uf oiir earth liecmtse there the iron can not have oxidi^, on account 
of the eternal coldt may here be mentioned only as a curioatyp 

Chladni named the supporters of the femr ^lecial hypotheses cos- 
limiu-iats atmospherlsts, and tdiurists* To the cosmist^ 
C'hladni himself belonged first of alL He considered it possible that 
the meteorites might bo ori^nal or chaotic material IJrmuterio *■)— 

that is, aggregates of matter wiiich existed in space and which hud 
never belonged to a larger world body* but which might furnish the 
material from w'bieh such world bodies might be formed. Many of 
the nebula may be nothing else than such shining tiiaterial spread 
tliroiigli enormous spaces. Originating from these world dcMidii 
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(Wdtworlk-ca), copies and mettiuriCM ait? dbtingpisliea from oile 
amAhvr only through tbeir rdntive siM. Tfie formations occurring 
ut the boundary of our atmoapliers as loose, c]u^4ik«, or 
oggregntus lose their costoie \Telocity tlirough its resistance, and 
finally, by the explosinus biking [dace, are compacted into ft soliil 
body. 

t libdni, however, did not consider it impossible that the meteor¬ 
ites might be renuiants of a destroyed world body, as an illustration 
of w hich he mentiotietl the djjsappeararies of a planet between Jupiter 
and SJars, Gibers gave occasion for this discoverv. In portray'ing 
the solar system the space bctwiMin Mars and Jupiter caused liiiii 
pvxit vexation, and he anticipated tjmt a planet might bo found 
there. This ingenious idea was soon afterwarik verified by the dis* 
covorj' of the asteroids Ceres. I'altas, Juno, nnd Vesto. which ho 
now conceived to 1« broken pieces of the groat planet missed bv him. 
Tlid lUtk (jujteroidsli, dcncrf^d Leri? as fniginentiS^ belong to 

the ring now known us planetoids, • • • which a Inmdred 
years ago were reported to be angular, not always of uniform sisse, 
and therefore of Irregular form and variable light intensity 
Shull see furtlier on tliat very recently E. Suess has claimed the 
vaiUKhed planet and the planetoids which were derived from it as 
the sources of our meteoritesiL 

Ttiere were many respected adherent of the hypothesia of the 
origin of meteorites from the volcanoes of the moon. Telescopic 
<^rvntion hnd at this time alieady given information as to tlie sur¬ 
face of the mcKin. “upon which there were overlapping mountains, 
larp chains of mmmtams extending for great distames, depression^ 
eratore, and planes,” i» v. Ends writes in his book “Ueher Massen 
und isteino die aus dem Monde uuf die Erde herahgefallen sind,^ 
im, V. Ende endeavoR Ui strengthen Cliladnie hyfMAliesls and to 
t!^h]\£hf or ttt rn^ke prr»biiblc, the coniiectiun tli& eurtU 

„o.l .te 8.MI.1W OlUr, fi.« tU. moonaoo. 

tin tiie occasion of the fall of a meteorite at Siena in ’ 

The great gj^metrician l^pkee expressed the same mipposition. 
which Blumenbad. also t^k up with much approval and ciUled it 
the most plausible opinion amceming these tilings.” Atnim and 
Smith were also of the same opinion, and Berzelius, too, wa. an 
active fo lower of the Inniir hypothreia in im. According to his 
ofjintoft the meteoric stones came from two different voli-anJ; liZ 

• y B.,( it ™ . .„"r™ t: 

moon would not possess sufficient energ>’ to impart to an 
block of stone the necessary iuHiul velocity to rearh mi. Ji 
hypothesis of Uio lunar origin fell into disfavor. .Strange*to relate 
it lum, however, even at the present day, some individual upholdera-l 
for eJlaniple, tJie Outdiman Verbeeck, who considers that the gtasore 
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I toktites) >.vhidi are conceived by Franz Sne^ to l>& inetcontea are 
glass meteorites from the moon. 

For the sake of justice I must u]$o mention that tJie luiuir hypothe¬ 
sis hud a predecessor in the writer Paolo Maria Terzago. uho, jn the 
description of the fall of a stone at Milan in 1050, at which a 

Ki’aneiscan monk was killed^ expressed the opinion that the “moon 
wus ttie caiiEse of the falling of the stones,” 

The idea, nceording to which meteorites were fqrmef] mil of con¬ 
st ituentfr of thy atmosphere, was held only so long as their com¬ 
position was yet little known. It was soon seen that iron^ nickeh 
clironiium, silica, cte^ con Id not be contained in the air, anil Klnp- 
roth noted also that iron would necessarily lie nr^idized under these 
conditions. Many other reaaoDs;^ such as the occurrence of the fire- 
halls at a great height, their velocity^ and occurrence at all times 
of die day and year, nniong other things* early withdrew evciy «np- 
Ijort from I he hypothesis of the origin of inetoorio masses in the 
atmosphere. 

Of longer ilimition was the theory of their termtrial origin—tJiut 
is, that they hud a connection with the formation of the earth- 
even though not the ejecta of volcanoes (with wdiich, indeed, they 
do nnt entirely coincide). A terrcistiial derivation in this sense 
was ascrdied to metcorlto by Lagrangi^ and lutcr hy TisserLiud. 
According to this they lue said to have been thrown mt of the in¬ 
terior of onr planet In the dim early iigi^s with so great force that 
they were curried beyond the limit of its nttniction to form a ring 
about it^ like that of Satam, out of whirh fragments full to tlie 
eurth again. Such a conception with s^smewlmt ditferent fonnctalion 
we^mll fini! later held by V. GaklschmidL 
Little refei-enee is made to meteorites liy astmnomrn ut the lic- 
gitming of the hist century. The books on astronomy of those timess 
coiiiiiin notlkiiig at all about fireballs. Even Bode in his “ liitrodnr- 
tion to the Knowledge of the Starry Heavens"' (132S1 devotes only 
the following lines to our subject: 

Tlje so-ctifStMl flvlnj: Hmana, the I{>npln^ goiit (capra saltaas), tnnchf^. hiiriv 
lug beonut, aial other Flilaln^ metwirs prohobly liave the moue Tiatynt naj 
cauBlsteuc^- in part jus the falllnir saoTkp?i. uuU am oals* rmici tJatmi 

Ui ul3u* and htouiK^ Partly Uiey may also cvaaEst at thick anU vbEceuR vupurs uf 
lower air, whJeh sSve oflt a phiMphorfswul Uiiht through a Ueouta^KHiatSiiii 
their orti^lnal materlnls poij are blown awuy by the wind La all ‘^>rt 3 of 
chaucc fwma^ and shatiefiL 

Asti'Oiiomic hyjvothoseg m to the origin of meteorites did not de¬ 
velop until 11 much later tinier and took their rise from the idea that 
meteorites, shooting stars^ and comets were ail of the same character. 
Schiaparelli in ISTl suggested important reasons for the connection 
l>etweeii the thn^e kind^ nf phenomena, reasons which were also 
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pr^eaented with a few chnngeis by tlie Vieimesiu ustrouonier Weiss, It 
WHS thought that they could with, sotne certainty that the 

shooting Htars ate bodies us solid as ato the niete<»rites which pene* 
trate with Cosmic velocity tlie atiiiQS{>hejre of tho earth, where tlicv 
l^eoome glowing in the lieated air and Itegin to shinC) and after be’ 
iiig resolved to dust or consiiuied l)Ccoine extinct or pass out of the 
atmosphere. 

Alter it lifld lifwn sliowu tliat swarms of shooting stars have been 
return ing regidnrly for two and one-holf thousand years ntid pro- 
cml from a definite point of ni<liation in tlie sky, llien it wag con¬ 
sidered tlie only possibility that the swanns of meteors circling 
around the stia intercept tho orbit of the. earth at some point, on 
die approach to which, in conscriueticc of the density of the earth, 
a portion of them fall down upon our planet tm little nipteortc 
bmiies. From die period of rutalinn, direction, and other factora 
we have learned how to ealciilaU! the course of the meteors and have 
found that their orbits very nearly coincided with thorn of tho 
periodic comets. Tliiis the Leonids move in the orbits of the cotnet 
Tenipel, tSCG, tiie Petselds in that of the coinct 18(12 Til, and the 
Bielids of the ifnU to S^h of November in the course of the comet 
Biela. The agreement is so consistently e\act that a whole series 
Ilf meteor fitreams can with great probability be traced laick to 
orbitg of known cometa That comets are divided by tho influeiite 
of the am or of die planets, as has happened to the coiaet Bids or 
altogether break to pieces and scatter themselves along the course 
of the eoincts and form a meteoric ring out of which come the 
Kwarms or shooting stars; all tliese cooftlmate occurrences tend very 
,'onvmcingly to identify tlie falling iiieteoriUrs with the sliootini 
Stars, and to the belief, therefore, that tlicy are broken pices 
of oomete. A ilitTeryiice between alioollng stare md n.eteoHt« ..m- 
sists, then, only m that Uie first named pass tioiseltts^y aertssa iIib 
heavens and disappear, wlule the firebnik hurl their misaiW tl,. 
metoontea. with thundering noise tipon the earth- Tlik Uicol%’ ia 
rtill held in among ^sti^nom^ • 

Tratwrt m his Textbook of Cosmic Phyacs, 11 ( 13 - The livpothcdi 
can b^ite briefly eapT^ in the following words: Comets whi^ 
have become peniKlic split iip into periodic swarmg of shooting stare 
which revolve m the courses of tlie mother comet Tlw 

«„». „U,!n* „or I™, W "C 

driven into lower layers of air and appear to ns in kroer sb-^ 

A^ribng to all the* conceptions one would expect that at times 
of the abnndance of shooting oturs, especially of tha T 
Pr™W «.™». <he„ w™l.i „,„r 

Among th, olHiot DM kirnnn Mi, acni^ ^ lirnTwi/n" 
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Lliede times. TLujj the iroii isf Mfi^sapiJ is bric] ijt> have come froDi the 
metwric siiower of the 27th ot Xovctiibert 18S5, and^ according to 
thii^ k a fragment of the comet Biela. But this mu^ remaiti a 
mere as^mption^ The time-table of meteorite fella gives proof that 
tlie great majority of meieoritfe} have not come to the stirfacc of the 
eartli at the time of swai-ma of ahoDting ^tars* 

In opposition to this briefly outlined theory, according to which 
the meteorites represent a pari of tho shix^ting-star phenomena^ an 
liyt>utlie^ was pmiioacHl in tlic Jieventies in the pjist century which 
did not hike its origin from iistmnomiral ii^imptionfi It was baseil 
on n minendo-geological busia, upon the Btodj of the component 
Uiateriol of tlie meteorites^ and npoii the times, of arrival of loe- 
teurites of like composition. This new (volt-anic) hyJx^the^ia, 
founded upon actual db^r^alions, was presented in 187n by G. 
TRchtirmak, of the Viennese Academy of Science and was later 
tlirongh supplemental work augmented and ei^tabilled If Brew^ 
sterj Im Smith, llaiilingerf and Daubree Lave claimed the origin of 
fiieteorites through the db^lution of ti lietivenly body, so tlie disan- 
tegrcitjon of amnll celestial bodies is for the first time ascribed by 
Tschcimak to a volcanic prDcc±4& From the shape of metcorkes 
it is to be eoncluded that tliey are actual ruins or broken bitg which 
may come fnim larger planetary mn^ssea. Xol only tlieir ahapt^ but 
also tlie slicken-oider] surfaces occurring in ]netcf>rites point lo frac¬ 
turing in the and many are like v olcanic tulfa or clastic mases, 
os Haidinger and Keiebonbadi have already suggested. Where 
Ilaubree leaves it umleckted whether tho fnigmontation of a world 
body is brought about by collision or by explodon^ Tschcrmak based 
bis decision tliat they resulted from e.Tploavo destnaction on the 
physical condition of the meteorites, which are formed by vol¬ 
canic explosions unaccompanied by tlio pouring out of lava just as 
terrestrial stones wbich csome from exploeivo cratei-s (similar to the 
Maaren of Eifel). An explosive activity to which meteorites point 
can only be brought about by sudden ex|iiiusioiis of gasea and 
steam, aingug which hydrogen may have been in the lirsi rank. 
Vulninism as a imsinic phenomena is the destroyer of planetary 
mosses, as wc Icani from the constituents of meteorites, in harmony 
with the fiolar development of stai^ which ell go through a volcanig 
jdiase. The broken bit$ after their separation are arranged in 
fEwarms which cn^ss the orbit of tho earth in accordance with law* 
Tlie convincing examplt^ for the existence of moteorile streama 
aj'e formed by the group of eukritesL 
If one ascertains their orbits and tlie intersection which they make 
with that of tlie earth, one fiiids that this iiite insect ion is progressively 
retarded, wliicli means that the line of nodeij reJative to the earth 
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r«tiogriid«L Kmm the CHleuktion «f the time of the ootleB of 
intersection luid coniparisoti with observations Tsclieniiak was 
ftble ycara ago to predict the nest falling of a eokritc for about the 
end of October, which calculation was actually homo out bv the 
falling of the eukrite of Perumiho on the 20th of tktober 1S99 

For UiB four imdoiihtedly similar euhritcs of Stannern, Joukoc. 
.Tuvinas, and Peramiho, the retardation of tlie intersection was 
found proportional to the time by the formula (E=Jongitude of 
node) E=e30.6-l-f-l.ei(5t, in which t denotes the number of the 
jeiirmJnus 1300, 

The greatest differeiiee between the observations and the calcu¬ 
lation IS not mine than one and one-Lalf days. From tlie deter¬ 
mined return and tlie regular shifting of the lines of notles, which 
yearly corre^nds to a clmnge of F* 36% them is therefore verv 
great piiobabillty for tlie astrononijc connection of tlie cukrites. 

Although V. Xicsal did not find the astronomic courses of these 
eukriteg to be identical, which means that they did not indicate the 
^me point of origin, stiU one can always consider as open the possi¬ 
bility that the Stannem, Jouzac, and .Invinaa stones came from the 
Game region m ^ace, when one considers that the testimony of ove- 
witnesses as to the couise of fireballs is subject to great error because 
of the suddenness of the occurience. 


Acrording to v. Nicssl* the meteorite falls move in hyperbolic 
couRKS, which, however, dws not aliut out the [)os«biiitv that 
meteontes occur which move in elliptical courses like p[anet& Firm 
support also for this meteoric hypothesis, dediic^jd from indisputable 
farts, c«nie« fttim 8.stroiinmic consideration. Slore recent nbsena- 
tmrns have sliown that there is a difference in kind lietween the mate- 

allr the meteorites 

according to their spcv'iljc weight, a series results, which liegiiw with 

he aarlmnaiwiis forms, of the density LT to 2.». Then follow thc«e 
k^nng feldqnir with tlie deii«ty 3 to 3.4, containing bronzitn 
and nliviiie (jnt»sdly chondrites) with the density i to 7, and finally 
tlio irons of the density 7A to 7,8. 


CRdMimreotia metcorfica ____ 

Fy^Tilitp« r-teirl nfr im-f _ . . _ ____ 

Broualte-vllTliii^beorlna stanm (nmatly eholiUfiicii) 

Iron ____ 




^10-S,4 

--- 4,fr^7.0 

-- 7,5^Tj8 


In the face of the l«^r densities, which are found in the 
(3.4) m comparison with the earth and which decrease 


moon 
in the 
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muter planets of the soUr system to 1.4 in the planet Jupiter and l.I 
even in Neptune— 


HLfirUi ______ SlW 

___- . . . 

Jupiter ----- 1.4 

Xepiune _____ . 


the supposition become the greatest probability that in spaee parti¬ 
cles are spread abroad in clouds of luu&e counisteiicyf ^"Iiicb consist 
of matter like rock dust, ^It-like compounds;^ carbon, and hvdro- 
eafbona, TvliLkh come into the solar ^stem in streams and upon their 
entrance are consutnetlj^ leaving behind carbonic acid, vapor, and fine 
dust. 

The TscherinaJr hypothesis mentioned here gains in importance 
when we consider the opinions of maiiy OBlronomers of to-day^ ac¬ 
cording to which the completion of the heaveitly tH}dies is incon¬ 
ceivable without vnlcanism.^ One need but observe the conditions 
upon our earth, the moon, and the sun. Also, we find on the comets 
with elliptic courses pheiioniena which may be connected or com¬ 
pared with volcanic occumnees^ HtirtK ooosiders tiie comet tiillsa to 
be electric waves, Goldstein considers tliem kathode tufts, othei;^ 
consider them alpha rays of helium, and iSvante Arrhenius declares 
them of mechamcaL origin, formed through pressEine of Hght radia¬ 
tion. He considers the particles of the comets hi tiny that they no 
longer obey the law of gravitation, but ai-B forced out into space by 
tlio light rays of the s^m, and by electric discharges in the heads of 
the comeLs, which also work repulsively upon the mate dal forming 
the tail- All these phenomena are straightway compared with the 
great stre^ss^^ in the interior of the planets, as with volcanic fon^, 
which also Tsclicrmak has npplicd to the e:vpln5ive fragmentation of 
small Wiirld UhIjcs and by this means has explained the origin of 
inolefirites- 

Paying due reH|iect to the opinion of Daubrcc on the relationship 
of meteorites to planets nrid to Tf^"hermak-g derivation of meteoriteB 
from small pla^netury bodies, E, Suess remiuils us of the variability 
in the liglit of the pLitietoids as observe^l by S^liger and AVolf. 
Since the ctjiirse of the latter ties partly outside and partly irmde 
tTint f»f Mars, his view is corroborated that between Mars ami Jupitt^r 
there has existeil a imificd phineiarv^ mass which, according to our 
knowledge of the constituents of meteorites, mu^ have come from 
the liasie rocks occurring in the beme? of the earth. We tliercfora 
find here Tschermak^s conception applied to the dissolution of a 
definite planet which Olbers mimnl 100 years ago and in tlie place 
of which the planetoids were di^oovered. Suess says: ^Meteorites 
and planetoids are nothing else than the passing witnesses of an epi¬ 
sode which has taken place in the history of otir plauetarv S5'£tem+^ 
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The lively ioterest in the visitors to our solar realm which have 
come to us has aroused numerous other investigators to take a stand 
as to the origi n of meteorites. G oldschmi dt appl ies his Komplikn tion 
law,” which he has been able to prove in crystal line forme and tuusivnl 
harmony—also to harmony in space—and relegiitcs the formation of 
meteorites to the time of the separation of the moon from the earth's 
sphere, at which time ncithm* muon tmr earth absorlwd all the dis¬ 
rupted material, the residuals being condensed into drops which now 
proluibly run their coinso as meteui'ites iiround the earth and are 
called eosmolites. 

Svante Arrhenius, in n very recent work, puts the origin of meteor¬ 
ites into the realm of nebula or nebnlons store lieyond our solnr sys¬ 
tem. He considers that tlu: little particles separated ont by the suns 
through ray pressure meet in space and collect into aggregates of 
cwanic dust or meteor stones. Tlie stony uggregatis not falling upon 
the other worlds form a kind of haze, which is the reason that the 
largest part of the sky between the stars is dark. 

If we recall tlie differences mentioniul by Tschermak between slioot- 
ing stars and meteorites, then the results of the investigation of the 
American ustninomer, \V. J. Pickcritig. give strength to the hypo¬ 
thesis of Tschermnk, since he has found that the courses of the shoot¬ 
ing stars and meteorites have different fall curves and the meteorites 
form a girdle like the asteroids. He recognizes in the stony meteor¬ 
ites similar orhits to those of the p[auet& On the other h^d, they 
are conceived by Goldschmidt us pj’udiicts of separation at the tiin.> 
of the formation of the muon, while the meteoric irons, moWng wiUi 
a greater I'elocUy, are reJegated to the comets. 

If we pass in review the clianging opinions of the centurj’ regard¬ 
ing the origin of meteorites, we shall without hesitation gnint to 
tliem tlie right of membership In our solar system. We slitill con¬ 
sider their stellar origin and their coming in from strange worlds as 
improbable, and shall marvel at them according to their constitution 
and their forms as broken bits of a world body destroyed by volcanic 
events. 


THE PHESEXT STATE OF THE PROBLEM OF 
EVOLUTION,^ 


By Prot M. CjiUtliST. 


Tlie exchangB of professors Iwt’WL'en the Sorbotme and Harvard 
University for the first time brings to Cnmlividge n professor of 
seieiicc- in n certain way 1 come in return for the visits whieli Prof, 
M, Bdcher niid Prof. W. M. llavis have already made to the faculty 
of sciences ut I'aris- All my predecessors belongttl to our faculty 
of letters. All have brought Imck a recollection of the hearty wel¬ 
come which they received, and w-liut they told me oontributed largely 
in inducing me to accept the mission which was offereil to tne, I had 
the assurance of giKwl will and generous sympathy from my col¬ 
leagues as well BS from my pupils. 

In the beginning I must excuse myself for not being able to express 
myself, at least for the present, in English. The most i[ii[wrta(it 
point in teaching is clearness in expressing tboughts. By speaking 
to you in my own language 1 hope to succeed much better in a dllG- 
cult stibjeet, and for that reason to obtain forgivness for the effort 
which, to my regret, I occasion you. 

The purpose of the exchange between the two universities is to 
convey to the one the methods of teaching employed in (be otlier. 
1 have the honor to occupy at the Univereity of Paris a chair of 
biology especially devoted to the study of the evolution of organic 
bein^ It is then to the present state of this great problem that the 
lectures which T nm going to give will be dedicated, I do not enter 
upon this subject here witliout some apprehension. Certain of my 
predecessors by the very nature of their subjects were able to have, 
at least, the illusion that Europe is still the veritable center of learn¬ 
ing. But 1 have not this advantage. The necessary conditions for 
the development of the sciences are now at least as well fulfilled—I 
will even say better fulfilled—^in the United States than in Europe, 
and for many of the smences Europeans coming to this country have 
as much to learn ns to teach. This seems to me particularly the esse 
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in bjologj and especial It in the questions cntuiccted with the problem 
of evolution. 

Besides, the advance of American ecieiice in these directions does 
not date from yesterday. In the study of paJeontoloey, which has a 
large place in the questlonE with which we are to concern ourselves, 
yowr srboinre have, for a long time, been working with activity lui J 
considernble success the marvellous layers of Aiuerican deposits, and 
have drawn from them, to cite only one instance, magnificent collec¬ 
tions of reptiles and nisnimuls, which we come to admire, in the iijti- 
seurns on lids aide of the Atlantic. Tlero more than anywhere dso 
hove been enlarged the paths opened it century ago bv Owage Cuvier. 
In zoolog}', properly speaking, the museum of comiJarative zoology, 
in which T have tlic honor speak at this time, justly famous in 
Europe, beam witness to the iniporUince mid long standing of the re- 
KultB nreouiplishcd. Louis Agasiz, more than half a century ago, 
was one of the most eminent names of his generation. Later' when 
the investigation of the great depths of the ocean marked an i«,tKir- 
tent ond cun^quent stage in Uie knowledge of earth end life, Alex- 
under Agassiz, his son and illustrtons successor, was one of the moat 
eager and skill fill workers. The expeditions of the Hhikf und of the 
Mhairofii are among those which have drawn from the deep the most 
important and most precious materials, and their results have Iwen 
the nmst thoroughly studied. The personality of Alexander Agassiz 
whom 1 had tlie honor of meeting in Paris about 13 years ago, made 
•qwn me a striking impression. His real laboraton* was tlie ocean 
and he succeeded to the end of his life in maintaining an activity 
that corresponded to its ampUtude. He was triilv the naturalist of 
one of die great sides of nature. Around Lotds and Alexander 
Agassiz museiira and the laboratory of comparative zimlogy of 
Harvard College have been for u Jong time a center of studies of the 
first rank. In the domain of embryology Charles S. Minot also has 
earned on important work. But it is efipccially at the present mo- 
ment that Ameriran biological science has made an amazing advanco 
which expresses itself in the excellence of piiblications and in the 
r^ulte which they revrai by the number of collaborators, the activity 
of pieties, the number of laboratories, and the abundance of mate- 
nal resources at tJieir dis}X)saL Here occurs a fi|iecial factor, which 
has considerable importance, the enlightened and large generosity of 
numerous patrons. It is incontestable that men of talent find more 
easily in Amenca than in Europe, and especially at tlm age of their 
full actinty. the cooperation wiiiioiit which their greatestTfForts ire 
« . «t.„. b,rr,„. .. ,h, p„i„, to Z 
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pabiJiii^s. This is purticularly irue of biology, whore, moreover, 
muny questions, notwithstanding their seiontific importance, do not 
lead to practical application, at any rate immediately. We succeed 
tw mi-ely in Kurope in combining these resources, above nil in com¬ 
bining them rapidly enough. The European public does not suffi¬ 
ciently realize their necessity and interest And the action of the 
slate necessarily lacks the flesibility needful for rapid realiiiation. 
Thus Pasteur was able to organic the institution wiiich bears his 
name only at the end of his life, and at the inntiguration he was 
heard to say moumfiiUy, “I enter here defeated by Time.” In 
America the powei' and tho eagerness which private initiative gives 
provide for this need. Truly ttic greatest wonder is that this liber¬ 
ality is genemlly well concciveil and well employetl 
It Is also true that tlic problems of the day in (S)i)tem|>oruneotts 
biologji'' are nowhere else aUncked at ilia present tiuic with such 
aclivity, perseverance, and success as in the United Wtutes. As we 
l*M>k at difTcrent poinLs on the biological horizon we see the studies 
on tlie ^fendeliaii theui^* of heredity in full development in iitimhere 
of tnhuriitoric&, It will l>e enough for mo to cite in this cotinecitioti 
the names of Me^rs. Castle and East in this very spot, aiul that of 
Mr. T. 13. Morgan, in New York. In the renim of the phyaiologv 
and tho structure of Uie ocH and of the egg, the researches of E, TJ, 
M ilson, and of his pupils on the chromosomes; of J. Loeb on e.vperi- 
mental pflrthpnogpne.sb; of F. R. Lillie on the fertilisation of the 
of Calkins, and recently of WoodnilT, on the senescence of 
the infusoria, sttflice to sIjoji- the ahare which this coiintiy boa had 
in the advance of knowledge. Ami I ought also to mention numer¬ 
ous works on embryology and on the study of the filiation of the 
cells of the embryo (cell lineage), on regeneration, on the behuvior 
of the lower oigankins, on geographic distribution, and the varia¬ 
tions of the species studied from the mr^ diveirse sides; all brandies 
of biology are nourishing vigorously. In addition, the United Stales, 
more thad any other country, has developed scientific uisUtutions 
designed for tho study of the application of biology to agriculture, 
to fisheries, etc. 

In the face of this situation, I wish to make it clear at ihe outset 
that I have not the least expect at ion of bringing here a solution 
of the problem of evolution. I have too full a realization of tho 
cstent of the scientific movement aroused by this question in the 
United States, and I hojie to derive great benefit myself from my 
stay here, from the contact w'hicb is permitted me with my col¬ 
leagues and with their laboratories. This latter advantage is not 
the least which arises from the exchange between the two uni¬ 
versities. Nor have 1 the expectation of bringing to you a new 
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solution of iLti pmbloiQit nor of o^iuaLtung it from a specisi aud 
originHl point of vi<;w, hudi iis miglit bo tho case in a single lecture 
or » siDuU number of lectures. 

I liVili adhere strictly to the point of riew of the instructor. 
tnJting the quest ion as a whole, e^tpounding it iii its older aspects 
as well as in its more leoent ones. The interest in these lectures is, 
above all, in my opinion, in the coordination of facts and in their 
critical examination. As tliis coordination is inQueuced in a large 
measure hj the surrounding cotiditione. tiie view that a. natiiraiist 
boa of them in Paris ought, to be interesting here. In questions as 
complicated and aa undeveloped as tlieso still are, where we have 
not reached a precitie cone]muon, the relations of facts can nut bo 
established in u harsh and utuKjuivocal fashion. This is particu¬ 
larly time of the problem of evolution at the point we have reached. 
During the lest few yours very rapid and great piogress has been 
made in our knowledge relative to certain kinds of datu, notably 
heredity mid variation. But they iiave not failed to shake mark¬ 
edly the notions W'hich pravioiialy seemed to be at the very founda¬ 
tion of evolution. One of my cgmputrioLs, an ardent diHeiplo of 
Lamarck, F. l.e Dajiteo, wrote even as far back as eigiit years 
ago a book bearing the signilicant title “ L,i Crieo du Tronsform- 
iEJiic,'” in which he brought out the con trail ictiona in question, 
contradictions which, affording to him, were lo result in the ruin 
of the very idea of transfonniem. Since that time opposition has 
become even more jnarkcrl, and nt the present day, either tacitly 
or explicitly, certain of the ino$l autlioritiitive men, by thoir ivorks, 
have arrived very near to u conception which would be the negation 
of tnin^ormism rather than its adlrmation. 

The term ‘‘evolution,’' in French, at least, has had historically 
two contrary meaniDgs, In Ihe eighteenth century It was the ex¬ 
pression of tlie theory of the prefonnation or “ emhoitement ” of 
the germs, according to W'hich the lot of every organism was deter- 
uuned from the beginning, The siiceaBsion of generations wns only 
the unfolding (evolutio) of parts that existed from the Wginning. 
In the nineteenth century, and it b in this sense that it is always 
usc<l now, it hud nn opposite sense; it is the synonym of transform- 
ism and it signifies the ttiecneeii^e transformation of animal or vege¬ 
table organic tyi>es, not real tiled beforehand, in the course of the 
history of the earth, under the influence of external causes. Xow, 
if one admits the general value of certain of the ideas recently ex¬ 
pressed, evolution would be only the unfolding of a series of phases 
completely determined in the germs of primitive organisms. It is a 
rsversifm. under u modern form, to the idea w'hich the word evolution 


* Xoatclls CDllKUua ■etuUlIqlK." Ptrii-, Alcwq. 





problem of eV0LUTI03f-CAXJLLKBT* 


325 


^pn?sent€il in the eigiilo^nth century* It \b unncecssttry to say tliut 
I use the word evohition in its nidet^ntliH^entury sense, ^hich is 
synonymcuis with tniiisformism. It is evident tlien timt all is far 
fit>m being clear in the presejit conception of transformisin and that^ 
in consequence, an exposition of its variom aspects and an effort to 
coordinate ihera is not a useless thing in n coum of lectures. Fur¬ 
thermore a comprehensiTe glsJioe at the principal questions winch 
we shall have to examine will make my meaning clear and will give 
me the chance to indicate the general plan of the course. 

In spite of the contradictions to which I have iilitidcd* the 
reality of transform ism as an ficcomplished fact is no longer seri¬ 
ously questioned. We <3in make the stiitcniont tlmt, in the unaut- 
mom opinion of biologists, evolution—that is to say, tlie gradual 
differentiation of organisms from common ancestral fom^s—-is the 
only rational and scientific explanation of the diversity of fossil 
and living Ijeings. All the knovrn facts come easily under tills 
hypothesisL All morphology in its different aspects, comparative 
anatoiiiyj embryoIog>'j paleontology, verifies it. By virtue of this 
same hypothesis the^ different brandies of morphology have mado 
an enormous progress since Darwin^s day. The significance of cer¬ 
tain categories of facL^, especially in the domain of embrjologj', may 
have liceii exa^rgemted* Scientific men have certainly overworkcti 
the idea that the development of the individual, or ontogeny^ was 
su abridged repetition of phylogetiy—that ia to say, of the several 
staled Uiroiigh which the species had passed—an idea which Haeckel 
raised to the fundamcntnl taw of biogenesis and Vidiich a whole gen¬ 
eration of nnturalists accepted almost os a dogma^ Without doubt 
ontogeny, in certain cases shows incontestable traces of previous 
etates, and for that reason embryologj^ furnishes us with palpable 
prcKjfs of evolution and with valuaiile infomiatioti concerning the 
affinities of groups. But there can no longer be any question of 
sj-slematically regarding individual development as a repetition of 
the history of the stock, Tlim concluaioEi resulU frcim the veiy prog^ 
res? made under tho iofipirution received from this imugmary law, 
the law of blageUesis. 

The first part of the course will be devoted then to the consid¬ 
er a tion of the general data which morphology furnishes tow^ard 
the support of the idea of evolution. Thus we shall see what cou- 
ception comparative anatomy^ embryolog>\ and paleontology afford 
us of the way in which evolution i& brought about, and within 
what limits we may hope to reconstruct ik Evolution is essen¬ 
tially m process which belongs to the post and e^'en to a past extraor^ 
dinaHly distant. It is a reasonable supposition that evolution 
Is going on to-day, but let us remember that nothing authorizes us 
to belie VO that what we may observe In the present epoch about 
T1S30*— Bif 1010^ — 2-^ 
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organiacis mi II necessarily cxplsm. the succession of their former 
sttitesi EvohiLlun is an irnsvcrBible process and one which has 
not prngi-essed at a uniform rate. We most not, tiien, expect to 
verify nccessni'lly by the present organisms all the facta dUclosed 
by moiphotogy. It follows in my opinion that morphologies 1 data 
may force upon iia indirectly certain coacluaions even thou^ we 
should have no experimental proof of them in contemporary nature. 

Because of this very limitation which I iiavc just pointed out, 
much of the difficulty of the study of the mechanism of evolution 
arises and to this may be attributed many of the profound dif¬ 
ferences among natimilists on the subject of eroltitionary mech¬ 
anism. The second part of the course will be devoted to the es- 
amination and the criticism of the solutions that have iieeii proposed. 

In 8 goDoml wuy, the study of the mechanism of evolution is 
til at of tlie reciprocal inlloence of agents external to the organisms, 
on the one hand, and of the Itving substance, proper!v speaking, 
on the other hand. 'There are, then, if you wish, tiie external fac¬ 
tors which together constitute the environment, and the internal 
factors which are the specific properties of the organism. These 
two elements are very unequally accessible to us. The environ¬ 
ment is susceptible of being analyzed with precision, at least as 
far ns the present is concerned, and we can surmise it with enough 
probability as to preceding periods. We know very much less almut 
living matter, and especially about the way in which its properties 
may have varied in the course of time. Hence one meets with two 
tendencies w'htch have been encountered ever gince the eFolutionary 
question arose and which are still very definite and very contra¬ 
dictory in their effects on the general theories of evolution. Ono 
of those attributes a large share to the external factors and attempts 
to explain facts by physicochemical actions which are direetlv ac¬ 
cessible. The other sees in internal factors, in the intrinsic prop¬ 
erties of the organism itself, preponderant if not exclusive agents. 

The fifrt tendency attracts us more because it gives a larger share 
to analysis; that ia to say, to the truly scientific method. The second 
11aHera onr ignorance with fallacious verbal explanations. It is 
open to the objections brought against vitelist conceptions; and 
when, as is the case of certain old and new theories, we come to 
restrict the effective role to internal factore alone, we may ask 
oiinselves whedier there is a really essential difference between con- 
reptions of this nature and creationist ideas; between declaring that 
species have been created succesavely and arbitrarily by an arbi¬ 
trary sovereign will, without the external world having influenced 
their stnicturc, or maintaining that organic forms succeed one an¬ 
other, derived, to be sure, one from another but following a suc¬ 
cession that is really determined in. advance and indepeddent of 
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i^xteriial t^ontitigeiiLMe^ IktWEwn sut^li view^ tiicre is in reality no 
eiPDgiderablo diilerence. Such an idea substitutes fur suucessivn 
creattotts one iniliid ereaticui with succsessdve and continuing umni- 
festiLtions, The present crisis of trangfonnisin, as Lu Dan tec and 
otlieri^ set it forth. Is the conflict concerning the reciprocal value 
of extemai and internaJ factors in evolution. 

The two jirmcipal and classic soJutioos proposscd to explain evo¬ 
lution were based on the elEcacy of external factors, both the theory 
advanced by Latuarck in Itim in his Philosophie Zoologique, us 
ivell Hs tliiit of Darwin, formulated in 1850, in The Origin of Spe¬ 
cies. Lamardi starts in fact with the Edatenicnt tliat ilie strncturo 
of organisms is in harnioDy with the coMilitiuns under w^bich tlicy 
live and that it is adt^pted to these cundiiiuii4. This adaptation is, 
in bis opimoii, not an a priori fact, but u rc^~u1t. The organism is 
simped by the envirumuenl; usage deveJu]i$ the organs m the uadi- 
^'iduali without ui^gu they become ati'opliied* The modifications 
thus acquired aie Uun^nnitted to posterity. Adaf^ttitioii of indi' 
viduul^a, inheritance of ac<tuired cbaracieristics—these are the funda¬ 
mental principles of LamarckisoL Except for its verification, it is 
the most complete scientific diuory of tnuisformbmi which ha^ been 
formulated, because it looks to the very cause of the change of or- 
ganisiiLs by its method of explaining udapLatiom Darwin adopted 
the idea of Laniarck and admitted theoretically adaptation and tlie 
inheritance of ac<iinred dioracteristica, but he accorded to them only 
a secondary importance in tlie accomphslijneiit of evolution. Tim 
basis for him h the variability of organisms, a general characteristic 
whose mechanism he did not try to determine and which he accepts 
us a facL Tins being so, the essential factor of the gradual trans¬ 
formation of species b the struggle for life l>ctvveen the individuals 
■within each spcciea and between the different species. The individ¬ 
uals which present advantageous variations under the conditions in 
which they live have more chance to survive and to reproduce them¬ 
selves^ those which j on the contrary, offer disadvantageous variutloiia 
run more chance of being suppressed without reproducing them- 
seiveg. There is established, then, automatically a choice between in¬ 
dividuals, or, according to the accepted terminology, a acitfc- 

ii&Fif a choice which pesrpetuates the advantageous variations and 
eliminates the oUierB. And with this going on in each generation tlm 
type is transformed little by little. Natural selection accumulates 
the results of variation. 

This is not the time Ut discuss Darw^in^s theory. I wish only to 
observe at tins time that it is less complete than that of Lamarck in 
that it does not try to discover the cause of variations * also tliat, like 
that of Laniaixik, it aUribntes a considemblc participation to the oyn- 
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ilitioiis Qutsidfl tlie orgiiuistn, since it is these finally wluch decide 
Uie fate of Uie variations. And one of the forms in which the oppo- 
sition to the transfonuist ideas, at the time of Darwin, manifested 
itself was the very argument that if organisma had varied it was 
cmly because of an mtornal principle, as KoUiker and Kagell have 
more particularly explained. 

The biologists at the end of the nineteeuth ccntuiy were divided 
with regard to the mechamsm of evolution into two principal 
groups, following either Inmarck or Darwin. Among the nev- 
Lauiiarckiuns some have accorded to natural setection the value of a 
secondary factor, holding that the primary factors are the direct 
modifying iutiueiices of the surroundingB which accoi-fling to them 
I muse the variations. Selection came in only sccoudurily, by sort¬ 
ing out these variations and especially by eliminating >iome of thpitt. 
Such was the piirticulitr doctrine developed by my muster, A_ Uiard, 
at the Sorbomie. Others have more or ab^lutcly refused to 
grant any value to setecdun. Such was the case of the philosopher 
Herbert Spencer. Wo must also recoguiise that, sinca the lime of 
Darwin, natural selection hiu. remained n purely speculative idea and 
that no one has been able to sliow its eflicaey in eoucrete indisputable 
examples. 

1 be neo-Darwinists, on their side, have in a general way gone 
further than Darwin because tiicy sec in selection the e.xc)iisivc factor 
of evolution and deny all value to laiiuarckian factotw. Tliia was the 
ilortriiie of Wallace, and has been especially that of Widsnuum. I 
will digress a monjent to speak of the ideas of these kst-menlitmed 
authors, because of the influence which they have exerted and still 
exert, correctly in some respects, incorrectly in others, at least as I 
think. 

Weismonn attacked the doctrine of the inheritance of acquired 
characteristics and has incontestably shown the weakness of the facta 
which bad been cited before his time in support of this kind of 
Jiercdity. Jiut he went too far when he trie^l to slmw the im possi¬ 
bility of this form of heredity. Id so doing, he starts from a conrep- 
tion which meets with great favor—the radical distinction between 
the cells of the body proper, or soiwr, and of the reproductive de- 
mems, or germ cells. He saw in these two categories distinct and in¬ 
dependent entities, the one oppowd to the other. Soma^ which con¬ 
stitutes the indirtdual, properly speaking, is only the temporary 
and perishable envelope of the yerm, which is itself a cellular aiiUm- 
omous immortal line, which ia conlinuous through succemive genera- 
tions and forms the sub^rstnin of hereditary properties. The germ 
alone has some kind of absolute value. The »oma is only an eplphe- 
nomenon, to use the language of philosophers. The is, of 
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course, modified by exterrifll coiiditions, bui for one to of tho 

inheritaiii::e of iic<|iiired ciiamcteristica, tbe local modifications of the 
VfBia would harp to be registered in the germ and reppoduced in the 
same form in the sewna of followiiig genemtions in the absenc* of [he 
external cause u'hich prfaiuced tliem in the first place. Now, savs 
M'cismutm, the posibllity of such an inscription, as it were, upon tlie 
g€M-in t>f a modification undergone by the jtomo is not evident a priori, 
and w‘hca wo go over the facts we find ntaie sup porting this con- 
cIiisioiL Tiiem are, indeed, modifientiona which appear in one gen- 
cnition and ^vhich are reproduced in the following generations; but 
IVeismann giies on to attempt to prove timt at their first appearance 
they were ind the eifcct of cslenial factors on the samay but that 
they proceeded from the very constitution of the germ; that tfiey 
were not really acquired and somatic, but were tnily innate or 
germinal. 

Sneh, i^Iiiced to its essential points, is the negative contention of 
the doctrine of Weismsnn, It rests upon the abnoluU' and abstract 
distinction between the somn and the In spite of the snpijort 

which this conception has had and still has, T consider it, for my part, 
as nnjustifittble in the degree of strictness which 'Weismann has attrib* 
uted to it. It is tnie that the advance in embrj'ology and cytology 
often allows tia to identify the neprodiictive tissue and to follow- it 
olnioBt continuously through aiooessivc generations, but the-concep¬ 
tion of its autonomy is at least a physiologica! paradox. Though 
ihe continuity of the germ cells is sufiiciently evident in tnatiy orgon- 
Uoiis, it is more than doubtful in others, particularly in all those 
which reproduce ftsesually; that is to say, many lar^ groups of 
animals like the Cmlenterata, the Bryoaon, the 'nmicata, and many 
plants This has more than the force of an exception; it is a general 
principle of the life of species. One can not, then, say that the con¬ 
ception of Weismann carries full conviction. But this conception 
exfiitti.'^d a tyrannicnl influence upon the minds of contemporaneous 
biologists, and it b exclusively through it that most of them look at 
the facts* 

Webmaiin, besides, exercised 0 consi d erahlo i nfluence by cham pion- 

ing a tbwry of heredity hosed at the start on the preening idena 
This theory, built with undoublcd ingenuity and adapted to the 
knowledge gained from the study of cell division, turns out on tha 
other hand to agree with the recent works on heretlitv. 

Lamarckism and Darwinism shared the support of biologists up to 
the end of the nineteenth century, discussion being in general re- 
utricted to speculation. The controversy begun in ISiit between Weis¬ 
mann and Hpencer, who napresented the. two extremes, gives au idea 
of the extent to which one could go in tliis direction. 
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The last 20 yearw constitute- indisputahiv a new porind in the his* 
tory of tmnsformbsm where the £eld oi discussion has been rniewed^ 
IInd scientists have stiu|^ht to fnve it a much more [H^sitive ntui 
periraental eha meter. Two kinds of inve^igation hai e been devel¬ 
oped in this direction: On tme hand the methodkal study of varia* 
tions, and on the other that of heredity and especially of hybridka- 
tion. These two ciitegnries overlap. 

Note tliat this new point of view is not, properly speaking, a study 
of evolution^ According to itt vtirtation aud heredity in tbemselvei^ 
under present conditions^ arc analyzetl hidependently of all hypo¬ 
thetical previous states of the organism. Afterwards tlie remits 
obtained with the T^Tuarckian, DarwiniaUp and otlier succeeding 
theories will tie confronted.. 

The sum of these Tcsearehcs, which are now in high favor, is a 
new and important branch of biology, which has received the numo 
of fremtlef. It defines for us in particular the hitlierto very vague 
notion of heredity and seems certain to lead us to an unalysls of the 
prnpertii'^i of living substance somewhat comparable to that wiiich 
the atomic theory has afforded concerning oi^anic chemistry. Wo 
i'jin not maiiitiiin too strongly its great importanceL A.^ fur m tho 
theory of evolution is esoneemeti, the pesults obtained Tip to this limo 
have been rather disappointing. Taken together the newly dis- 
coveretl facts have had a more or less destructive tnmd. In trutli 
the results obtained do not agr-ee with any of the general con¬ 
ceptions prevJoUBly advanced and do not show us how evolution may 
liuve come about. They have a much gi^eater tendency, if wo look 
only to iheinit to suggest the idea of the absolute steadfastness of the 
species. Wc must evidently accept these facts isuch os they are. 
But what is their significance^ On the one hand they are still 
limited, on the other hand^ as I have already Btateil above, and as I 
fihall trj" to show in the following lectures, the advances made by 
the study of heredity in organisms at the present time and under 
the conditions in wLiidt wc ate placed^ does not pcj-mit us to accept 
fpso facto the doctrines of heredity for all past time and under all 
circumstances. 

To iiE5e a comparison which has only the force of a metaphor but 
which will make my thought dear* the biologist who studies 
herpclity is very nnidi like a mathematician who is studying a very 
coixiple.v function with the aid of partial differential ef|iiations and 
wdio tries tn analyze the properties and the function almiit a point 
witliont lie ingable as in the case of an elementary function to study 
it in itself, lUnwtty, in alt it^ aspects. TJie properties ascertained 
al>oiit one point are not fiecc^arily applicahie to nil space. 

As far aa die mganisms are concerned, the conditions of tlieir 
variability have not certamlj bom the same in all periods. The 
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idea &t a progressive dimiikution of their variability has Wo often 
expressed, tiotjsbly by D. Rosa. Dtuitec. according to his favorite 
theoretical method in which he considers only the fnndamental prin¬ 
ciples of the problem, hns tried to reconcile these facts with the La- 
marckian doctrine in lus book on La Stability de la In the 

transformation of organisms aa well in that of inert niiattert he 
reganls every change as the passoge from a less stable to a more 
stable state. The many organisms, after liaving varied much and 
rapidly, might tJien. perhaps, be for the present in a state of very 
constant stability, at least the greater part of them. But for the 
time being I nuist omit further consideration of this suggestion. 

We shall have then in the third part of the course to examine, 
while bearing in mind the pr6<*ding opinions, the geneml r^^^iilts 
of recent researches in variation and heredity. I shall now sum up 
the principal lines of inve^igation preparatory to tracing the plan 
of these lecture 

The methodical study of vaTlatlona in animals and in plants has 
led uB to retHigniKe that the greater part of these variations are not 
inherltoti. If we apply to them the methods of the Belgian statist 
tician Quetclet. we shall perceive that for each property numerically 
stated the different individuals of a species range themselves accord¬ 
ing to the curve of the prohabilit)- of error, the greatest number of 
indivldnals corresponding to a certain measure which represents 
what is called the mean. The term is given to those 

variations that are on either side of the mean and die stiid}^ of thi^ 
fluctuations, Wun in England by Gallon* lias bam developed aJid 
systematized by H. De Vries and Johonnsen. 

In short, it ia the whole of the curve of flucinations which is 
characteristic of heredity In a given organism, aud not such and 
such ft particular measure corresponding to a point In the curve. 
In cross-bred organisms^ thoro is, in each genei^ation, an intermixture 
of two very complex inheritanoci?, since these organisms result from 
an infinite number of these intermixtures in former generation. On 
the contrur 3 % die problem is very simplified, if one considers the 
orgADisnift regularly reproducing thcm^lvcft by self-fertilization as 
is the case In certain plants. Heiic there- is no limger in each genera¬ 
tion Ji ^Hnblnation of new lines, but a continTiation of one and the 
same line* It is the same hereditary substance which perpetuates 
itself. The Danish physiologi'st and botnnirt Johaimsen uttiickod, 
as you know* the problem in this way, by studying variation; along 
a series of generations in lines of beans, and the oondusion of liis 
re-searches, which have had in recent years a very greiit influence, is 
that e^h pure lin^ a curve &f fluciuathmr mid^r ^peci^d 
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c&miithn 0 . The vpriation^ that we obsen^e in the nctiou of externfll 
ngeots explain the different reactions of th& hereditary sulistance to 
tlie eonditiori-s of the eavironnwnt, but thk i^ubstimco itself remniiis 
iinalierotL The consequence is thnC, in what since the time of Liaii^ 
we linve considered a spoeiea^* fiM have admitted to lie a more or less 
rtMil entity, there is on inQnity of lines, more or less different i^mong 
themselves in llieir hereditaiy properties, which are ibced nnd in¬ 
dependent of environment. This it is that JohaniLsim eulk the frw?- 
or a s|>eoies is notliing but the sum of an ludnity of 

genotyx>es differing very Utilo from one another. H. De Yriea on 
his sLib rciiched analogous views which prove to harmonic willi 
the. results iintl ideas fonuiikied fioiiie 40 years ago hy a French 
ImtaiHst, plordan^ an titiyielding adversary of tninsfonniwin^ Jordan, 
too, by men ns of well-ordered cultures, had Analj?;ed a species of 
enicifer {Pmfra rema) in 200 elementary ppecleJri iiidi=^pciidenl of 
one another, lie deserves to !» considered in any case as the pre- 
cursor of the idenfi of which I have just given a ^^Tiopsis- 
It is not, then, in ordinary vartbility. as it was known up to this 
time, tliat one can, following the ideas of De Yries and Johann- 
son, hope to find Hie key to evolution, dnre variaiiona cun not 
die starting point for permanent thangn^ Examining a plant 
{(E7u>fh^ra De Vries thought he hud found this key 

in ahru])t tninsfomiiitions succeeding une another in organismSf 
under conditions which he has not been able to determine and wliich 
remain my^erious. The abn^pt and inimcfllately hereditary varia¬ 
tions be named and set them in oppodtinn to 

(i. t-j common variations). Ai^rclhig to hitiit evohitioij m not con¬ 
tinuous but operates through mutationsL The theory of mutations 
has been^ since 1901, the occasion of an enormous nunilier of experi- 
mentnl studies and of controverssiea, into which I sjiall not enter at 
ttiis time, but I shall finally endeavor to extract the resailtn won by 
this method of work. IjqI ua note that, if De Vries and the muta¬ 
tion bta do not formally deny the intervention of external factors in 
the piTMluetion of mutations, the role of iheae factors is no longer 
very clearly or directly apparent, and some deny it more or less fully* 
In short, systematic study ha^ led to on antithesis between fwltta- 
produced under the inffuence of the environment but not heredi- 
tarx% and not directly dependent upon Iheenviromneni but 

upon heredity, We ahaU have to discuss the value of this distinction, 
the extent and the importance of mutations. 

Another and veiy cffectiTe branch of research which haa developed 
since 19D0 and whidi dominates the study of biology Just now, is 
the stuflj of hybridixation, which has led to the doctrine know'n 
as J^fendeUsm. Sometimes the name ^eneHc$ b specifically applied 
to it 
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Tovi'ftrd 1800 the g^tudy of hybridiF^tioa hud led tB'o boianlhits, the 
Austrinn nionk Gregor Aluodel nod the French botanist Naudin/ 
rimultaneou^ly but quite itidepeodeoiiy, to ct^ceptinns TvhicJi did imt 
particuliirty nttrui^t ttic attention of their eoiitein]>Draric^ but \v]iich 
were bmigbt to light again in 11)00^ and which tJion th^ 

^nrtiiig point of very many and important in vest] gat long. Tlic ex¬ 
perimental study of ilendftlian heredity has been carried on^ espe^ 
ciiilJy here in Ilanard, wltli great by Ifr. Castle on various 

rnainniiilB iiJid by Hr. East oti piantii. This tnpio^ therefore, is famil¬ 
iar to the students of biology in this nniversJtj. 1 shall speak of it 
for the ]>re.sent^ only to state the general results. Let me recall to your 
minds as hriefly as possible the essentials of Mendeti^m. According 
to this doctrine most of the properties which wa can distingniidi in 
org^miianfi aro traugmitti^ from one gimeratiou to another «5 distinct 
units. We are ted to believe that they exh^. aotnunmougly in the 
sexual ekmentfi or gametes, and we cjin, therefore^ by proper crosaiiig^ 
group £iirh and such properties in & single individual oi^t the con- 
tnirj% we can peparate them. Tlie biologist deals with th^ unit 
chBracteriMics as the chemist does with atoms or with lateral chaioB^ 
in « complex organic ct>m]Toun<L The properties which we dietin' 
guish thus are nothing but the very indirect exterruil e.xpres^on of 
constituent characteristics of the fiindameutfil liTing snbstanee of 
the species. But we imagine^ and it b in this that the enormous im¬ 
portance of Hendeli^ conri^sts. that it boa been the means of giving 
us a more precise Idea than we have had heretofore of a siifastantinl 
basis for heredity^ In itself Ztfendeliam is only symbolism^ like the 
atomic thei>ry in chemistry^ but the case of chemistry shows whnt 
ciin lie draw'n from a w'eU^ooncdved symbolism^ and the Mendelian 
symbolism becomes more perfect each day in its form, in itB concept 
tioHc and in its application. The recent works of T. Morgan* * ari 
particularly interesting in this respwt. 

Furtlier, the facts furnished by ^lendelism agree well with those of 
cytology. The results are'explained easily enoughi if we accord to 
the chroiuntine in the nucleus, and particularly to chromosomes^ \t 
S[)€cijtl value in heredity. The agreement of cytology and of Men- 
delism m incontestably & very convinring fact and a guide in present 
research. 

But if we return now to the study of evolution, the data of Mendel- 
ism embarrass tta also very comdderably^ All that it allows tis, in 
fact, is the conservation of cxi^iling properties. Many variations 
which mi gilt have seemed to be new properties are simply traced U* 
previously iinob^rved combinations of factors already existing. 

* RKhprch» par rfljbr14lt^ dam let V^^iii," NoQTfUpi Arch. MOf. 
nipl. Ntl.p Ptrip, Ttiicw laoa. p. lAIL 
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This hfis indeed seriously imp&ited the mutation theioiy of De Vries, 
the fundamental eAuniple of the Jamutfclti^na Beemin^ to be 

not a apeelal type of variation, but an example of complex hybridiza¬ 
tion. The Biitlinrs -who have especially studied Ifendelian hereditj' 
find themselves obliged to attribute ail tiie observed facts to combina¬ 
tions of already existing factors, or to the loss of factors, a csonticptiort 
which seems to mo n natural conscqxience of the symbolism adopted, 
but which hardly satisfies the intelligence. In ony case, we do not 
see in the facts emerging from the study of Mendwliam, bow evolu¬ 
tion, in the sense that morphology suggests, can have come about. 
And it comcfl to pass that some of the biologists of greatest authority 
in the study of Mendelian heredity are led, with regtird to evolution, 
either to more or less complete agnoaticjsin, or to the expression of 
ideas quite opposed to thnse of the preceding generation; ideas which 
would almost take us back to creationism- 

Lomarckism and Darwinism arc equally affected by tUeJa views. 
The inheriiiuice of acqiured characters is condemned and natural 
selection ilechircd unable to produce a lading and progressive change 
in organisms. The facts of adaptation are explained by a previous 
roolizatian of structures which are found secondarily in harmony wutli 
varied surj-oiindings. That is the idea which different biologists 
have reached and which M. Cuenot, in particular has developed sys¬ 
tematically.' 

Two recent and particularly sigtiiJicant examples of these two 
tendencies are furnished us by W. Bateson and by J. P. I^itzy. In 
big Problems of Genetics, Bateson declares that wc must retxtgniae 
our olmcAt entire ignorance of the processes of evolution, nnd in liis 
preridcntiiil nddre^ at tlm meeting of the British Association in 
Australia, in 1014, he goea so far eg to express the idea tlmt evolu¬ 
tion might be considered os the progressive unrolling of an initiul 
complexity, containing, from the first, withm itself, nil the scope, the 
diversity, and all the differentiation now presented by living beings. 
As jMr. Castle cleverly expressed it, cori-J-ing the idea to its logical 
issue, man might bo regarded as a simplified ameba, a conclusion 
which may well give us pause. Here we dearly recogniM, on the 
other band, modernized in form, but identical in principle, the con¬ 
ception of the ■‘emboitement’’ of the germs, and of preformation, 
ideas to which, as 1 have reminded you, the eighteenth century 
applied the name avolutioa. It is a ccmccption diametrically op¬ 
posed to that of the transfoimiimi of the nineteenth cetituiy, 

Jlr. lAitzy, Btriicb by the rtsults of the crossing of distinct species 
of Antirrhinum^ has reached in the last three years the eonelusion 
that a species is fixed and that crossiug is the only source of prwiuc- 
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UoTk of new forma. IlybHdis^ntion omoD^ aperies, when it yields 
fertile otf^^pring, may^ ai^oording to bitn. give ri$e, all at oocej to a 
whol^ ffenes of new forms, whose mutual relAtions and differential 
characteristics correspond exactly to what the natural species show. 

However subversive and delusive Ideas of this kind, positive or 
nc^jLitivCs appear to generations saturated witli lamarckism and 
Darwinism, we mu$t not lose sight of the fact that they were formu^ 
lated by eminent biologists, and that they are the result of long and 
minute exfjcrimcntal researches and that many of the facta on which 
they rest ma^" be considered as fii'mly ii«tjihliahp4:l 

But withniit thinking of rebelling agaitiet the facts resulting from 
genetic studies, we may question whether they have go general a sig¬ 
nificance- I have already more tlian once pointed out that the 
present aspect of organic heredity does not oblige us to concluda that 
it has always been the some. We may ask ourselves whedicr condi¬ 
tions, which have not yet been realized in experiment, do not either 
modify directly the germlnu] siihHtanco itself, or the correlation 
exUting lictween the parts of the fsoma, and indirectly thri>ugh them 
the germinal substance. The faet^ which the study of intertial sccre- 
tiom are just beginning to reveah perhaps indicate a iTOssibility of 
tills kind. Even if we admit that evolution proceeds only dLsooti- 
tiniionsly by mutations, we still have to discover the mechanism of 
tlie production of tliese mutatlonfL In sliort, we may believe that^ 
with heredity ntid variations acting as recent rescorche$ have idiown 
them Ui act, there are nevertEielcss conditions that are still unknown 
and that they have been realized for eadi series of organisms only at 
certain periods, as seems to be giiggcsted by piileontology, and in 
which the constitution and properties of hereditary substances are 
changeable* Of course these are purely hypothetical conjectures, but 
such conjectures must be made if we wisli to reconcile two eategoriea. 
of already acquired data which we are obliged to recognize as facts. 
On the one hand we have the results of modem genotif^ which of 
themselves lead to conceptions of fixity, and on the other liand, the 
nift^ of morphological data which, considered from a rational point 
of vdew, seem to me to possess the value of istubliorn fuels in support 
of the trnnsformiKt conception; I will even go so far as to say in 
support of a tninsformi-mi more or less Lamaickiaii. 

It seemfMl to me necessary to devote the first meeting of the course 
to this general analysis of the conditions under which the problem 
of transformism now presents itself. 1 Iteheve that this analysis is 
the justification of the course itself. It shows the advantage of con¬ 
fronting in a series of lectures the old classic data with the modem 
tendencies, all of which have to be brought into agreemenE The 
crisis of transformiam which Tje Dantec annoiinced some eight years 
ago is very iiinch more acute and more in evidence now than It was 
then. 
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Tlint continual adjustment, so necessary for life, Iwtwwn interna) 
ralatiatis of an organism and die external world would lio impoesiMe 
were it not for the communion of the sense organs. Tliey stand, as 
if were, miclway lietween the organisni and its surrtmnilinga, keeping 
the interna] relations aware of and aliire to the external hajipcniugs 
and conditions. These functions probably arose with, the necessity 
for adaptation to environment and its ever-changing demantis;, and 
in die struggle for existence they are necessary factors for the 
sumival of die race. 

Of the different special eenscs, hearing and sight stand apart in 
the degree of specialiaution, and this speeialJxation, again, varies 
greatly in the divisions of the animal kingdom. In the animal 
w'orld. for example, we find all stages from blindness to acute vision, 
AVhcrc the sight ts poor, smell and hearing arc, in comjiensation, 
extremely acute. The vision of the rhinoceros is limited to some 
50 yards or so and is poor even for that short range, but the acute¬ 
ness of the sense of smell niakes good the sight deficiency. In birds 
specialization of sight reaches its highest degree of development; 
and though hearing is fairly acute, the sense of smell is certainly 
vestigial. One feature of the functions of hearing and sight is tho 
projection of their sensoiy impulses. Taking siglit, we find that 
light refieded from n distant objei^ is picked up by the oomea and 
lens and brought into focus at a point on the retina. Tlie stimulation 
of the numerous endings of the optic nerve sets np an activity which, 
after passing through many systems of relays, reaches the sight 
centers in the brain, giving rise to a complex chemical action in the 
reUs, where tho myriad impulses aro figured out into a light pattern 
in tho image of the original object. Though the action setting up 
thew impulses originates in the brain, when? the imnge is realty 
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sj^ntlietiKCHlT the eettsuticiii bs projected te the object fmm which the 
light iJJ reflecte^l. A similar projection occurs with the function of 
heariog, ( hough porhap® not so clehnite in its ioeiitis&aiion. 

If we i^n^iider the cje us an optical uppnmtus. looking ot it from 
p mechaniciil point of view, we find thnt it con l)e iLkeued with advan- 
taj 00 to a cftniera, the convergence of rajs being braugiit about by 
the lens end the cornen. the retina taking the place of ttio seti^iikeiii 
plate. This convergence of the diverging rays of light into foetis 
cm tho retina from objects at varying distances is termed accoinmq- 
dotion and corresponils roughly to the foetisiug of a camer!!* The 
process of pccomniodation differs gix?atly in the different diisses of 
Ibo animal kingiiom. In terrestrial fomis^ wliere there U incilia of 
very much less density outside the eye—namely, the air—the princi- 
pal convergenco is done by the corneaj tlm outer transparent covering 
of the eyct the anioimt of convergence depending upon the Jaws of 
refraction governing lighi passing from a less tlenso to denser meclia. 

Though the lens also acts to a lesser extent in the same way, tho 
comcfll convergrnre is the more Important in these foniis, the special 
important function of the lens being the alteration of focus^ On the 
other hand, in aquatic forms, such as fish, no comcal convetgeinfe, 
or almost none, is present, tho media—namely, sea water, or oven 
fresh w'ater—being of practically the same density as the media of 
tiie eye it .self. In these forms convergence must, there fore^ b« 
brought about by the lenu oiilj% and for that purpose a spherical lens 
is present. 

The phvfiiologf of accommodation in birds is remarkably com¬ 
plicated, differing in mnny rcspeetij from that found in the mam- 
mais. In the latter, or to be more corr^cU in the terrestrial forma 
alteration of focus is brought nbout by alteration in the shape of 
the lens. This fracture when focused for near objects becomes moro 
convex, particularly on the anterior surface. There is no chaqge ia 
shape of the transparent front part of the oye. In birds, oq the 
other hand, with the exfseption of some of the night though like 
in man and other animals fbe eye is normally focuses] for distance^ 
accommodation is a more complex process, there bclug change in 
shape both of the lens itself and of the eyeball as a whole* It fur¬ 
ther differs in that it tg a positive process, relaxation of the muscle 
focusing the eye for nearer pointe* 

In birds there are found two main types of eyes, though inter¬ 
mediate foiTEis exist—namely, the tubular eye, with rounded lens, 
which allo^vs for a normal near vision such as in the night-flying 
birds; and the other, the almost spherical eve, with flattened "lens, 
characteristic of high soaring birds of prey^ and consequently 
adapted for distant vision (pL 1). 
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Ttiere is little to bo said of tlic iris in birds apart from the fart 
that tho movement; uf this r nr tain or (lUpbragm is voluntary, the 
pupil widening or closing at will. Apart from the vrdiintnr? 
action, closing of tJie pupil or a Blopping-down prcM:e!is occurs in 
the presence of atrong light, and is, therefore, reties in nature, 
widening of the pupil being noticed in weak light and also for 
distant vision. 

Tlie retina—tho sensitive plate, as it were, of tho eye—confdsts of 
a Inver of fine ner^'o endings which in most animals conform to 
two well-marked types—rods and conet In birds it has been for 
a long time thought that this layer oonsistod of rods only, but 
closer examination shows that cones are present, though i-ery much 
reduced in number. There is a!si> a belief c^tbitent, with perhaps 
some Ttason, that the function of the cones is associated with dilfer- 
entistioii of colors or the formation of visual purple, while rods 
determine movement, form, and shape. This is the layer which is 
stimulated bj* the photo-clicmicBl action of light, the sensitising 
substance being found in the external layer of the retina and ealletl, 
for convenience, visual purple. It is believed that this biibstanee 
changes under the elTect of light, and the chemioal changes cffocteil 
act on onil stimulate the nerve endings, giving rute to the particular 
sensation. In vertebnites this retina is not without its diitwharks. 
There is a welbmarhed blind spot where the optic nerve branches 
out into its numerous endings, this area being particularly largo 
where the pecten is well deveIopc<l. Further, many Wood vessels 
rnmih'' over the surface of the retina, and here, also, light is pre¬ 
vented from foiling on and being registered by the sensitive layer. 

It is well known that in man there is a central small area where 
sight is keenest. This is called the fevea centralU^ and here only 
rods are present. In birds it is believed that there are two such 
areas in each eye, one on either side of the pecten. It may be 
stated here that the pecten is a pigmented, vascular structure lying 
in the posterior chamber of the eye, protruding forward from the 
papilla of the optic nerve (pi. 1, fig. 1). Tlie stEe varies consider- 
ably in different species, extending in some almost to the posterior 
^rface of the lens, while in others it is small and inconspicuous. It 
is aWent in one bird—namely, tlie Apterv's—ond is practically absent 
in the Xankeen night heron (.Vycficorftj: , The function 

of the pecten has always been a matter of controversy. There seem 
•to be no S|wia] habits or conditions in birds possessing this structure 
of ^ual si 2 e and shape, while birds with similar habits show great 
variations; One theory was that it was protective, guarding tho 
retina from the action of excessive light, in other words, a light filter. 
Its structure being vascular suggests aomo functions ossociated with 
the teimiin or nutrition of the eyebalL In accommodation for near 
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objects it lias beeo fouDd tbat tb^^ro is? v^ith tlis passfigi^ backward of 
the posterior stirfaee of the cornea^ the transference of (luUl from tbe 
anterior cbamber^ This is shown by iTi|et:titig methylene blue into 
the anterior ehamlmr ami stimiilatitig the nerves of aocomiooflfltionf 
then noting the course of the Buld. 

Admitting then that tliore is a Lransferenco of fliiid from one 
ehAmber to another tn maintain an unvarying intmociibir pressure^ 
si>me goveniup luiLst lie present to effect this fjnick interchange, and 
it iy lielievetl that tbe pwten ndg jn this way* In support of tliig 
theoty it can lie shown that in high-flying birds, birds of rapid tlight^ 
binls of prey where the eyes have to be uccoinmodatetl to e?ttreniely 
rapid alteration of focus, the pecten is well devdoped. It is, on the 
other hand, ctuii|mrEitJvdy small in ni'»etiirrml birds* Against this 
theory it may be stated that rcptile^^ or some re]dilea« a 

pccten, ami in thetw animals the above conditions harflLy Tlie 

important point is that the presenre of this large [jeeten creates a 
birge blind area in the eye, and ns it m heavily pigmented all light 
faUing on it is naturally ah^rbed. It explains to si^mo extent the 
constsmi di if ting of the head when a bird ia on Che wivtch^ as the 
visual field is considerably limited? the portion olistrueted lieitig 
toward I be tipper miter field of vision* lie fore leaving the retina it 
slioiilrl bo mentioned that tJie presence of oil globules In tliLs layer 
has been known for a long time- Ttiesw giabnles are colored red and 
yellow and are found only in birds* Tliey appear to exert no effect 
on color vision^ as they are in no way identical in composition with 
the vtsnni piirjde or seositizing substaneeu 

The nmneroiis fibers from the endings of Uie rods-and cones col¬ 
lect to fonn the optic nerves. The nerve from each eye converges 
and meets nt what is knon'ii as the optic vhiasma? where they unite 
and Hgain separate. In all animals wliere bincxular rbion takes 
place, or to I so more correct ? wb^ro there is total binocular vision^ 
there is partial decussation of the fiber. Tliose fibers leading from 
the right half of the right eye pass to the right side of tbe brain, 
while the fibers from the left side of the right eye erma over at tlie 
rhiasma to tiie left side of the brain. 

The anioutit of decussation varies accordingly with the power 
of binociilnr vision. In some animals where partial binocular vision 
b possible* thoii^ not usual, as in the horse and some rodents, only 
a few fibers do not decussate- In animals incapable of any binocular 
vision complete decLissation takes place^ This latter caindition is 
fonnd in birds^ or nearly all birds, the fibers entirely crossing over 
nt the chiasma. One must first get a grasp of the tnie meaning of 
binocular virion to appreciate the difference between pure binocular 
virion and ageing the same object with both eyes. If wo hold a piece 
of paper between the eyes so m to view, say, a red urea with the 
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right eye and a yelJow area with the left, we do not eeo the two eepa* 
nilo coioreil spots, but a spot of the color equalling the blending of 
the pigments; this is due to a superimpcBing of the images registered. 
In nnijnals and birda where the axes of the eyes are not parallel it 
means that the itimge of an object falling on ihe right half of the 
right eye falls on the left half of the left eye. Only in animnls 
where the axes of the eyes arc parallel do the images fall on the Bamc 
half of each eye, notably in human beings and monkeys, thus making 
I>o<«ihlo true hinocular T.ision. In other words, in birds, with the 
pcissible exception of some of the hinls of prey and some nocturnal 
birds, the sight or Tisual field consists of two separate viewa not 
capjihle of being superimposed and not stereoscopic in effect. 

The advantage of observing the same object with Imth eyes is that 
it peiuiits of grtii ter concent ration once an objector victim has been 
Jierccived. and it is thus found in eagles, iiawks. etc,, where acuity and 
cunceiiLration are so necessary for their existence. In man the stereo¬ 
scopic vision gives him the judgment of distance, nml it is chiefly by 
i]ii.s and, to a smaller extent, by accommodation, that distance is ac¬ 
curately estimated. On the other hand, birds, or most binTs, have 
to de|iend upon accommodation for their judgment of distance possi¬ 
bly by the focusing movement of the lens brought about by Uie nction 
of Cramp ton's muscle, the pull being so strong in some species that 
n ring of Imny lominm is provided in the Bcierotic coat near the 
corneal margin to prevent alteration in shape of that part of tJie eye. 

^tonocular vision has a great advantage of givHng a far more ex¬ 
tensive st-ope of vision. It Ls a valunhle asset for the birds which 
must maintain n constant lookout for the approach of flanger, and 
for that reason it b found mainly in those birds of poor defense, 
whose safety lies in speedy detection and evasion of their enemies! 
In these hirds there is the range of two extensive visual fields, each 
being equally recorded and scrutinized. The moment an object of 
interest is detected the bird does not direct bidh eyes toward it. hut 
thero is a concentration of one eye, tlie vision of the other being sup¬ 
pressed at will. In some diseases of man, where the axis of one eye 
has^ departed from the parallel of the other, each eye sees a field 
which does not corroapond wilh the other, yet diplopia, or dniib!® 
'ision, is not present, as the one or the other field of vision is sup. 
pressed according to the automatic coneentratron in one or the other 
eye. Note a group of pheasants or pigeons watching the same oh- 
jeet; one eye only will b® directed toward the position. 'iVatch n 
fowl or a pigeon gating upward at a hawk; one eye wil] he skyward, 
the other toward the ground. In such cases the vision of the down¬ 
ward eye is Mng suppressed. If eupprostion were not possible in 
birds a position timilar to diplopia would be present. An idea of 
this condition can be gatned by pressing one’s eye, thus shifting the 
■nJSWl’—B*i 1016-23 
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visual axLs of one when a double imago is obtained. In Cbo 
Juiman it ia possible to suppress the vision by esercise and education, 
otherwiiic the eye must l»e closed—thus, in shooting: oi- looking tiown 
u micro$coi>e—but hy u rontinual effort at concent ration it is possible 
to keep both eyes open und to suppress the vision of one. 

Wlitni Me come to acuity of visitm in birds one nuist immediately 
iwiognhsc »i superiority over tbe rest of the animal kingdom. There 
IS no duubt that they ptniiess ctn acuity almost immeusurablccojnpaFeil 
M'ith oiir OM’n standard. Xormnl sight in man gives nn acuity of 
u1)out 1 miuiite in degrees of tlie circle, Mdiich means that at 6 meters 
we can distingidsli clearly enough to identify letters in lines 1 centi¬ 
meter in w idth. Man and monkeys are perhaps in advance of tbe 
itsst of till' mammals, but fall e.\tremely short of the standard found 
in birds. Speaking roughly, it is justifiable to say that birds po^-sess 
«hf»ut » hundred times tbe degree of aenity found in man. Visiinl 
acuity for moving <»bjeets is much more keen. This probably accounts 
for llie hnhit of small uubuals or birds wiping to escape detection 
liecoming immobile, their [irotecLive coloring blending tvlth the eur- 
i*oundings. 

^ Peep through the smallest hole in a fowl-yard fence, and one will 
]ind that some old hen has perceived the action. An instance of the 
lemarkabto visual acuity can be seen in the vulture and its habits. 
On the death of an aniuiul there may not be a vulture in sight, and in 
n few hours’ time many will have arrived at the feast. These birds 
liccotuc owsto of a dead beast not by smell (as that sense is vestigial), 
but by sight. Vultures are extremely high fliers, only one bird out- 
toaring them—namely, the adjutant. It is probably that the neari»>t 
vtdtnre sights the animal and descends to the carcass. The bird’s 
action is observed by the vulture farther away, which is likewise le<l 
to the scone, and no it goes on. In this way k b lielicvcd that birds 
come from a distance of from 50 to lOO miles by their observation of 
each other s action- A feet pointing to their ability to locate a carcass 
was observed in one of the outbreaks of riader|H!st in Natal. It was 
found that if a carcass were covered by brandies immediately after 
ileulh, so as to obscure it from the sight of the birds, it was never 
dial It Haul by vultures. 

Though there is no means of measuring accurately the visual acuity 
of birds, a fair idea may be obtained hy observation of their habits 
A great brown kingfislier {Paceh yitfflsr), from a position on a post 
where it can inspect newly plowed land, seems to have no difficulty 
in locating the exposed part of a worm from any dLstance up to 100 
yards. Watch an old hen in charge of a few chicks, and oothing 
urerhead. be it ever so small, will escape her notice. 

Acuity for stationary objects, though not so finely serndtive as for 
those moving, is still remarkable. Experiments have been made with 
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pigc&tig, feeding them on n hoard on wheat, among which a per- 
centagn of the grains have Ijeed stuck by adhesive subi^nnce. One 
mistake is sufficient to prevent them Again making the error, amnll, 
slight nlteretiofl from the natnml position of the grain giving them 
the clue. Many shnilar caees could be ijtioted. The vision of noc* 
tunial birds is enhance*! by the sisw of the e^'ehall itself nrnl the con- 
liCmty of tlie cornea, which collects more light fmiii iin oliject tlnm 
that with less convexity. They present, ton, tlio markedly tubular 
eye. The pupil in these hirds is capuhle of great dilntiition. The 
poorness of vision of these binds in the daytime isawmntcd for by the 
fact that the eye isnormaily focused for objects comparatively near 
and, agnin. Waiise of the nmniint of stooping down necestary to 
exclude the strong light. The eyes of tlie»fe birds arc pi-obabJy what 
are known ns dark-adapted eyes, and llie attempt to SCO in bright 
sunliglii has an elTect similar to that which we experience nn emerg¬ 
ing from a dark room into the sunlight This is not due so much to 
the contraction of the pupU as to arrangement of the protective pig¬ 
ment around the endings of the optic norm 

The power of individual movenient of the eyes is greater in birds 
than in man, exteusive divergent movement boing possible, while con- 
veigent movement is seen as in the human Iwing. But, in spite of 
thi^ the amount present is not sufficient for the needs of the bird, 
which nearly always moves the head to shift the direction of gaRC. 

Of the aecessoiy atrnctuns of the eye not much need be said. 
The eyelids present little differ mg from mamma Is, with' the excep¬ 
tion of the aTisenoo of cyeliiahes and the greater mobility of the 
lower lid. Tlie third eyelid, known as the nictitating membrane, 
is well developed in birds, constantly sweeping tl»c surface of the 
^mea and keejdng it free of small particles, etc. In mnniomlg it 
is not moved voluntarily, hut by pressnre exerted by the backward 
movement of the eye itself. This membrane in birds is moved by 
two voluntary niuselcs, which bring it across the eye with lightning- 
like rapidity. In aquatic birds it invests the eye while submerged, 
and is then transparent, to allow vision without endangering the 
sensitive surface of the globe. 

\lc come now to a more interesting thougli more difficult prob¬ 
lem that of color vision. If one accepts the Young-Helmholte 
iheoiy, it must be taken that white light conaiste of the combina¬ 
tion of three primary colors, namely, red, green, and violet. Later 
works seem to incline toward the ohler division according to Xew- 
ton that the primary colors included red. orange, yellow, green, 
blue, mdi^, and violet. In other words, the blue and yellow h.sve 
as much right to be considered as primary colors as the other three. 
The e.xistence of color vision in animals is, of course, very difficult to 
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detenuine. It nppcvts. however, that with trainct] dogs nod horses 
there is no^difficulty ul all in teaclung them to dietinguish heiweeii 
the eiiturRKd colors. The preference of some birds, notably the 
flower Birds, for objects of a certuln color uiid the general evolu¬ 
tion of color in the different species must point to an apP^httion of 
dilferent shades. Color sensation nmst lie uppreeiuted by the stiinu- 
lutinn of waves of varying lengths. In niun it varies from about 
770 (i to 30^ jJu the latter being the extreme of light registered at the 
violet end of the apectnuu. 

It trould oppciir, if we adopt the Yoimg-Helmholtz theory, that 
man has a trichromatic vision, and Umt all the shades appreciated 
arc due to the degree in which the three classes of nerve filwis arc 
stimulated. Yellow, for e.\amptc, is caused by an etiiial stimulation 
of the sets of fibers for the red and green pempients. When red is 
Bren the filjens percipieui of red are strongly stimutated, the others 
only wcftkly. Color blindness is an interesting side study in this 
lesi'cet, particularly when wo come to the color vision of hinls. In 
man dichromatic visifin appears most comnionly witli a blindness 
for red or greeu, the violet blind being rare. In red or green blind- 
neis the subject confuses reds and greens, and in n mixture of coIoih 
ihcltiding these colors other iJian red or green are the only ones 
apprccinted, 

Ifow, it has been shown by freding experiments that birds nro 
blin<l in the violet end of the spectrum. In other words, if we accept 
tlie I oitng^Helmholtz theory* they have a dichromatic vision. Tlieir 
color vision would be restricted to red and green and the mixtures 
of tli^ colors. They would be blind to violet and to tlie spectral 
violet in blue, indigo, and yellow. Such a conclusion wonld be <lis- 
astrous to tuir theory of selection in the coloration of birds, where 
many blues ntid shadi<s of blue are dceii. It would ineiui that the 
dei'clopmcut of color in the evolution of the ]>ref?ent-<lay bird w'as 
merely tueidout4il and apparently without reason. The daw in the 
reasoning proladdy lies in our acceptance of the Young-Hebnboltz 
theory instead of reeoguiTiiiig the other colors as primary, Ag,vii), 
the conclusiun ulitaincd from the feeding experiments may b® faulty. 
The birds are fed in spectral red light and in spectral green, where 
they pick up the grains readily; but when taken to spectral violet 
remain still, fail to see the grains, and are to all intents and purposes 
in darkness. 

A man color blind in red or in green, though not sreing these coiora 
as a normal person would see them, still sees the objecti!^ hut is blind 
to the color only. His vision extends right to the red end of the 
spectrum, though not r(:«N>giiizing the ret! there, so that the waves 
stimulate tho eye. though not giving the color sense. It ig probable 
that in birds the sight is keyed to n higher pitch than in man. and 
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tlint tUc retina U no| stimulated by wa^ie lengths as sltort as that of 
the violetf while yet possessing the whole of the range of colors as 
far as tlio violet. In man we know that the eye is blind beyond the 
two limits of red and violet, but we am able to ascertain the presence 
of ultra red and ultra violet mys that the re tina does not mgister. 

There is still a great Reid for Invef^tigation into the function of 
sight. So far the work done is mainly comparativei and must be 
based on the Imes found existent in the hutnan subject, where the 
subjective assktanee is of great value. But of the conditious in birds 
we can cMily theorize^ while there may be present conditions outside 
our comprehension of the powers of tha eye. There is still much 
to be learned conceruing accommodation, monocular vision, color 
vision, and the function of the pectem 
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PIKATES OF THE DEEP-^STORIES OF THE SQUID AND 

OCTOPUS. 


By Pjirt EiUfTscH, 

Curattrr of Msriw /nrerlcArofef, U, B. yniimal l/wietrin. 


[With If) pTatefk] 

INmODCfTTION. 

The largest, the most highljr orgaalsed. ms ns intdllgent, and 
therefore, most intetii»tiiig invertebrate creatures of the sea belong to 
the chuss of organisms known as Cephalopods, a group of marine 
mnlliiska embracing tiie Nnutllus, Squid, CuUleGil), Octopus, Argo* 
naut, us well as Urn XuatiloidH, Ammonites, and Belemftites of the 
ancient seasL 

The old forms, geologically speaking, as far as known, were all 
shell-bearing organisms. Their rhanging from the cramped condi¬ 
tion of an inclosing and confining exoskeleton nr dtdl to an endo- 
skelcton or pen, or even no skeleton, oime only in very recent times 
and carried in its train of development not only posaibiiitiea of 
bodily expansion, as shown by the giant squid of our seas, but pro¬ 
duced even greater and far more important eonsequenca, namely, 
the development of a higddy apeeiah^ brain, which to-day easily 
places this group in the first rank of all tlte invertebrata dwellers of 
the sea when viewed from the standpoint of mentation. 

Compared with our stjuifls, the ciiamljered Nautilus, the relic of 
the most ancient stock, is an extremely stupid nnlmal. 

PAST HISTORY. 

In order to follow the customary' line of tlie biographer, we must 
first give a bit of attention to the ancestors of our subjects and to 
tliis alone one might well dc^'ote the entire space allottoil to our 
sketch. Paleontology bos taught Us tliat these wonderful creatures 

U~i 
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can liojist of a Inng line of progenitors; indeed, then? are few groups 
11 lilt csin corojHire with them in this respect. For miliiomi upon mil* 
lions of jenra ago, or to be more precise, in Upper Cumbrian tiuieg, 
tliero es^isted a small nsutiJoid animal in the seas, whos® deposits are 
known os the Chan-ud-lien luncslmie ncfLC Tsi-nun, ShnnttingXliinn. 
The sJiell of this little aninuil, wdiich w'as christened f mm.- 

hri^ hy Dr. IVsloott in is only 7 millimeters m length iimJ 3 

millimeters in diameter {fig. 1), 

Ever since Unt time, and probably long before tiue tiny, flevedt but 
noncoiled 4!haml>eri.!d nuntiloid ancestor of the Cephalopoda exi^fted, 
chambered nautili were living scjujc where in our 
seas. The Ozarkiazi period ushered in a number 
of families, each with its genera and species. 
The Cahiidian. Hthiet] materially to these, but llie 
greatest diJrerentiution of all took ploee in the 
Ordovician and Silurian, after which the decline 
of the onler liegan, resulting finally in the rem¬ 
nant of fijiir closely alltofl spcfdes l>elotiging in 
the aingle now existing genus Nautilus. In all, 
about 3/HM> s[>ec:ies have been nauu^I and to their 
number new forms are constantly being added l>v 
the patient paleontologist. In all tlicse forms we 
linve the shell divided into chaiiil>ers by truns* 
Verse concave ^a^pta whose margins iiinv 1 m; 
Kli-uight or utululaie; ii sipliunde or tiilje exteutb 
from chamlHT in chumlR^r connpcting them tvitlt 
CHvIi other. The niiige of ^ Eiriatton in shape and 
sis^c is quite gn=*st. There are Etmight rones, as 
m Ortliocems; flexed forms, as in I'jrtnceriiE; 
loijsely coiled forms, as iu Spliyrndoceras; ch-jaely milled forms, as in 
Nautilus r or even cln^ly coiled and Qmilly sulule ahells, ns in 
Ophidioceros and Litiiites. T!ie sculpture, toOi, presents no cmj of 
variations^ for some ahelk are smooth, others axially or s(iirallv 
strinte, or dmnneled; or Urate, or threaded, riblx?d, or keeled, or 
markcil by rombiiiations of these elements, some even have tubercles 
and bosses, hut whatever tlie sculpture or siae, wliieh varies from the 
T-millijiieter ancestor to the i ^fout or more long cones of Endoceros, 
one wor^I chatTicteri^’S the entire gruiip^ond that is elcganee (pi, 1), 
During iho Uppier Siliirian period a new ofTi^hoot of the Cepha- 
lopod !5t<M‘k developtHl, a atalk wJiidi 1ms far exceUe<l the NAUtiloids 
in numbers oh well ins in diversity of stnicture. We refer to the ojxJer 
AmmonoicIcLi, "^tliH Ammon's horns,of which probably more than 



Fiu- 1. —ntfipi- 
fcHn Wn iMit I. Ttir m - 
ct^tar Hart CtpliAli)- 
pM|lh, irlfWj X 

Kml vEtw, X 7* 


U, a ti^U Vvt 2*, p, 22* JIKNS, 





HifKirt, 1910 — 






PUITE 3 . 


IHAUTlLCHDi 




- - - - -< --H®fTO?liSs. If, I, 

ilifciicfrm* mirhm HamimJc. 


Ox4tfinrmrr 
Ik Xclvilr# iUHiH 










^fTHlUKfiiut Rpptjrt, 19 —6irtHzti. 


PlATE 2, 



AVMONCHnC&i 


i i. rWfMf«fcrrctfbfrr*J--|rwr. fi 


sfinr _ 13 ^ piHjnMMi’f iSrLkitti-. h 


P^l>. 3, Lfir^tn, |!f/|Vfjf MSf'lH.-lJ, 

wn.^pJl L V, JlfiJift'iMi^ Jililfff iiirnji 








345 


the SQiTiD Ayt> ficTOPUft—tiARTaca, 

6,000 species (ire kaown. Hero form, complexity of septetion, and 
exteiml sciilptiiro nm riot, or, limy we soy, altoiin.-d on overspcauli- 
zfttioa whicli soon spelled exit, for the group rcadriKi its highest 
development in the upper Trbii ond disopiwoi'ed siiddenly and 
pletcly ut tlif 1 lose of the Cretacerniii. In si*e tiicir shells vary from 
the dimension of ii pen to more than 6 feet in diameter. Plate 2 
give the reader a little more intimato view of tlie group. 

The third order. Belcmaoidca, of the Cephalopoda, is of consider^ 
ably less antiiiuily, dating back only to the Triassic peried with not 
ti singlsi lining rflprespnUtiTG, for the little dnutcbered Spimb haa 
been lie finitely disposed among the modem l(}*footcd aiembei^ 
though the palisontolngists still classi^' it with the Delenutoidea. It 
is atiioDg these iJelenmoids thatwe^iaTe to seek the ancestors o our 
scpiiils aiul cuttlefishes for, they have an intertial 

of mucli greater complesife^ They also posaJifiseil the ink ^ 
character pre^^ in ifll onr modern Clephalopods excepting tiia i au- 
tilns. It t^d^te possiblo that tlicse inetnborii wore ns abundant m 
these late^i^eiis ns their anecstora were in their time and ns their 
desi‘en(iyi)ts are to-day, but tlioy had little of fossiUzablc muterial to 
leave Iwiind thirin at di^th, and thus have left a rather poor, scat- 
terrd/nnd fragmentary record of Lbclr csistencc. Judging from 
Mirtiic of the iwns, however, it is well to ossumc that the soft body 
/Enclosing tlietii uiay have conipared favorably in size with the meui* 
U'fS of the now existing fauna. Some of these pens art called fossil 
“thnnder bulls” by the nninltiateil. Plate fdiows a selection of 
these rtiiiains. 

W't* next come to tho nuHlcrn dwellers of the sens, onr “■pirates 
of the deep.” In these we have eilUur an iiiteniul skeleton or none 
at till. In the sipiids the shell is einlaiddcil in tliw doi-sal port of the 
mniitle and frequently ruilnceil to a mens cbitlnoid remnant, calletl 
tlie pen (pi. 4, fig. 1) from its resemblance to the quUl pens of old. 
At times this is decidedly reinforced by calcareous mtiterial, an shown 
by the cnttlebone (pi. 4, fig. 2) which we are accuatomed to tunmsh 
our canariis, for this is the skeleton of our cuttlefish, Tim only colled 
or clinmbered i cst is found in Spinjla. but here It serves not as » 
container, but is contained with in the mantle. The shell of the beauti¬ 
ful Paper JsantiUis or Ai^nant is not ft skeletal shell at nil, but a 
mere case used by die femalo for tlie protection of her eggs. 

In nil tliese Htliraals the body is enveloped m n soft mantle, 1 h® 
bead is strongly dllferentiited fiiun tho rest of the body and is aur- 
rounded by o cirelc of 8 or 10 sucker-bearing arms or feet which, in 
reality, are moiiifietl dements of what correspond to aiiteuor 
part of the foot in oUier mollusks. It is the position of these ec 
about tlie head of these animals that has gaim^ for them tlie name 
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CVpltAlupolu, The month b situated in the middle e£ 

tite t«iit!u?iiJ»r disk find k onued with n pair of forntiduhle pnrrot- 
beukdike ju’iiVs, Xot leaii cousptetious nro the two larger, highly 
specialined eyes eitunted on the side of Ute head. Hehind (iie head 
is u constricted neck. Here we find a cleft, the comnvnnio&ting oriSee 
between the exterior and the iiiontle cavity; here oUo k inserted the 
tobiihir siplion which, in reality, ts tlw niodilied jUKterjor part of 
tljo foot and serves as the chief organ of locomotion, for much of the 
('ephalofxxl swimming is accumplishiKl by Uie nipiil expulsion of 
Water through this organ by means of the sndclen contractlotl of 
the muscular montlc. 

The posterior portitm of the body may be globular, conic, spindle, 
or lance shaped, or cyltJidric; it may or may not have intoral flukes, 
which may serve as organs of locomotion; or may be raoflilied to 
form a sucker, as in Spirulit. The internal organization is also 
interesting, but we shall content oarselvcs with the simple statement 
that tho sexes are distinct and that the rather complex brum Is 
shielded in most of them by a cramal cartilage that protects the 
principal nerve centers, incloses the auditoiy organs, and supports 
ihe very highly developed eyea An interesting structure found in 
all the living forms, except tlie KautUtm, is tlie ink bug, a glandular 
sac and a reservoir connected by a duct with the rectum near the 
emus. This organ produces a dark fluid which the animal is capable 
of discharging at will. It is usually ejected when the animal is 
pursued and elfectirely enwraps it in an impenetrable suiudgu, thus 
aiding it to make gocal its escape. Tlie secretion of the Ceplialopott 
ink Img forms on iiiiportant element of coiimierce and our arts, where 
it is better known under the name of sepia and india ink. 

The tivitig Cephalopoda, excepting the Nautilus, are easily divided 
into two grouiis or orders. One of these, Oecapoda, enibruc.'cs nlL 
the inemlxsrs having 10 feet, while the meuibers of llio other order, 
Octopoda, have but eight (pi. &). 

Ileautifulty preserved S]n>cimenn of squids have liecn found in 
11 lose remarkable reliquaries, the Sulenhofen lithographic litnostone 
deposits f>f Havnria, the hardened ooze of an ancient sea, which lias 
I Iintributed no many chapters to our bnowletlge of the past. Tliesti 
remains proclaim tlte presence of the onlcr in the Tjower Jumssic. 
Flute G is a photograph of a specimen, IT. S, Nnt. Mus. Cat. 
No. aS-W, which comes from this formation at Ekhstalt and shows 
ihc jH'rfci't maimer in which the soft, en foil ling iKize has preserved 
its nM;orr) for us. 

FACTS AND FANCIES. 

Size, power, speed, beauty, and intelligence have ever been tlie 
elcmeutn that have elicited tlie admiration of man. Add to this the 
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niystor^ of tlie wu nut! the tootbsoiwnt’ss of our and you have 

(i setting witfi pnsslbUidca that seek a rival. No womlfr, then, that 
Tre find the ancient writers and Larda and all those of yeart be¬ 
tween them and our modern peiiiuan singing songs and ginning 
yarns about oiir Cephalopods, fur tiiey possess jill the qualificatluna 
Llenotei:l above. Passing tit rough tlie literature of liie ages, one finds 
mytlis and ioneies so wonderfully intertwined with u boab of facts, 
that even the knowing, proaiic but incisive iiBtiirelist finds it difiiciilt 
to pass jtidgment on wbat is fact or fiction. One thing, however, is 
certain, and that is that all the legends and myths appear as clumsy 
sailor yarns when compared with the facts which are l>eing slowly 
revealed by the painstaking students of the group. 

Tlie early writings fi-e<pieiitly combine in their discussion of some 
one of these animals, characteristics that belong to widely different 
ordcra. Not only that, but the earlier aiitJiore even assigned to the 
Physalia or Portuguese iIan-o’-irar, and the beautiful little Velellu, 
attributes belonging to the Argonauta and the Chamljcred Nautilna, 
for the fairy sails that were assigned to these animals are un¬ 
doubtedly tlie wonderfully colored floats of tlie lowly organbted 
Hydrozoatis (pi. T), 

IVe cjuote from Pliny; 

Tire ot Pdlvfus. 

Animtff ihff tiuMt rvnmrkalile inirlmmai ts tUe aaliuiiJ wlifpli liaa (Jic nnnje of 
Naudliifi. or, an mU Jt, riu> roiuntlon. nying hIUi tJie hMul u[i\vnn]. 

It rliieit to tlia surfai^ of tliu waivr. ruisini;' StJU'lf little by imiu, wbiio, by 
lueuim of a coruilii cuiuJuIt In Jia tioUy. It (llschnrfres all Liu* wnirr. rimI this 
beltia eot rltl of lUtfi so mneb blleti-wuter an It wifre, It lliuts no dliHcitltr in 
fnlllnif alonj 4 . Tlton, rxtendiat; liurkwunlK tta two front arrus, Jt atrotcltea out 
Uflwwui Liu-in a iut-nihrflu& uf tnarvinloiia tlilniifsSB, whleli acts iia a Hall spr«ul 
out to tlic wind, wldle the nst of Its uraw It puddles nlonp Juflow, rrlw'rlnif 
Jisetf with Its tnll to the nilddlo, wlLtcR acts as a nidilcr. Thun does It uiatai 
Jta way aloti^ tba ilwp, mlmliiilldus ttw appearonre of a I lent LUmriiinn barls ; 
while If anythliiir chuncea la cause It ulariu in nn Inatnut It drnwa In the 
ymtvr aud kLoJui ia tiic buttoin. 

The Chambered Nautilus livoa in the tropical western Pad fie, 
nsually at a depth of a htuidred or more feet, and, all myths to the 
contrary, lias never been known to anil the surface of the sea {ph S), 

ll'e quote more from tlie same authority, thin time a slory relating 
to u gigontio octopus: 

At C^rtplu, In lltu proAi-riints theN?» u pciHypuK wuh Ut 111** Imljlt ot mukLiijif frum 
Uk! iLf the pU-kJlni^' tlmt weri? left npen^ ncki Oevnurlnir Che flsh ]iiUI Lii 
ault lln^rc^for it Tjj oiilte nietuDhimn}; huw f>iKCi*rljr nil unliuAls folluu' even 
this vei-y Biiivll HttitLHj rumlhiieiitri; hd much ft.!* [hut it hi fur tliis ilmt 

Uke IhUuTJu^^u tuke eatv tii mb the luMlrle of iIms wlvJcer tUh ktpi ?9 wttll thk>fiiA 
At lB£t by ItM rvjwattHl thefts htid Lmmodemte depreilatbiis It illw down iipoti 
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Itw'lf tlip wmtti <tf tUt‘ i.r IM W«rkst. Fnnisfuti'tf wore bofefe 

tJioifci. but tine»^ tlJp jwiInJilfci nuLnuKi'il tii i;«t over me ^1*1 uf a tfw+ noil It 
\km ouly tit l«w>l Ijy callKni; In ilie jit^thLunce of tnilned Uejpti wRlcli snr- 

roiuulal It at night bs U waa remrntiM^ lo Ita vrcy: uiion wtikb tlso kot^pifrn. 
a^^nkonoil by the noise;, werv ntnw^k ^ith alcirm at the novvlti' ut the alif:1it pn^ 
Tim of ftllH the sIm> of the j>i>ly|mB vva& enonnou^ beyond all conceit- 
Uoni an^J then It wiia c^vored nil over with dried hrtne mid oxlinltd n mrett 
dreadful stonolL Whtt t'oald hnve eApecrUHl ta and n [Kilypus tbero rir oouUl 
ha^e rece^jaliixl It ae euoh under tSie^e elrciuiiBtfloeea? TUfiy really thought 
Hint they wara Jolnia^ battle «lib Pome rimiLHter^ for at one instant It Wtuitd 
drive off the dojps by Ita horrible fumen anti hwH ot them ’ivStli the e^tremltlea 
of Its feel£^n?K while at another It wnills! Ptrite tbem with Its Htrenjfer nrniF^ 
glvlnsr bhiws with m many cliiNt, nw Jt wercl and It wna only wllh the Kreate«t 
dim<7u1ty that It cotiM be dhspnUlHil wStSi iha old of n eowslilorahle inimljer of 
thih sixpara. Tlie himd of thbi iinlmsl wna shewn to Lncullua: It 
wAa in sLep as Inri^'e as a cask of 13.^ fallens and hud a liearfl (tentacleah to uite 
the eit^ressEyns of Trtblua hlfiwlft wldch eould hardly be enrirclod with bdli 
arms, full of knots, like iho^ upon ii club, iical 90 fett in Imi^h; the yuckem, 
or catEenles, na lari?o as an lam, retseinbled a hiiKia In rtlaipe. whfle the teeih 
OlpiLn were of n cc»nrv>s|MPiRlln^ lantrot’^M; Its ir'amOeiii wtik-h were enr^fuMy 
prfcwt'r\'ed as n cm’MIiy. w'oiKhHl 7fO jionndft, 

IknjsiriRitfort, who sp^nt mikoy ycurs in prtUnt study of Cephalo- 
potls hiiJ JevuteJ a vvlusle volume^ to the ptiblicfltion of his results, 
cites numerous incidL-iits of mar vein us encounters between man nnd 
some of tlic krg^^r tnemliei'^ of tins group. We shall quote a few 
selections ■ 

An old nijitam namwl Jnlia Mugnus Vh'm. who raided In Dunkirk* ri-lati'd 
tiuit atiUSoj; nnm iMdwix^n the Inle of ilolena uuil Afrlcn, near th*^ cjoupe 
! li»* all ip Wa,H hHuluMil. ill* b^jt ^dvantnae nf tklA paltn lU' swaal tia^a ovuf iha 
skip tij rli*an off Uis^ wlileli utvmnalntrj^ mur the wider Utn* Italic 

Thu nwn wpre wtandlng on Bclngtw miN'ia^udMl near Ibe water's n'dg*^, 
pcrtiplug with I run m:raix*n«, when fcudiipidy a hiiKi^ uultli.dlHli apja-nrp4 at !h^ 
wnU'ir^?* cHlgF aiah Ihruwliif! uue of hla arms About ivrit of the nn^n. Inn* tla' 
imforiiLuaU»* wllb their stagt*, itom the side of the vess^d aiul thejn 

Into the wati'f* At tl^ isamo ttme It tlirew another nrni abemt a miiu w^ho w'tis 
just nsaunting tho null a rlii^ng? hal here Itw arm hetraip^ eatmialiMl with the 
Nhniudft aial ratlloea, and It wna unLiUle to dlsentnn^flk! Itsiit Tlie man, who 
w'As belnji moertiy Bauefc^ii ciied out for hiHpt and the cn^w Imm^Uatriy ran 
to his BsNlHifliw^c Severn L threw' harpiMJtkS Intti thu boily of ihf? lieanU wtdeh was 
now rtriikg nlc^A4^ tiw^ aTilR"* sldej others wlih axes cut In pieces thi^ nna which 
buhl the man to the riirgliig and took the unfortiiTinte down on deck. 

Tbdftdinw* tho rutile sank down, bul tka t-niitnlii iwytNl out on the l|rn^ whh li 
were ftud to di*- burt-Kinat In th*? Ijope Uml prc^iroily lie w»nLil bc^ able to dru^ 
t|a‘ is‘'Awt m* mmUL nal iwover thi? two nn-n wlm had boen dniciokl down. In 
fait, at llrxt hiF was nhEe to tlrftE the nnlmul h^^fi'iml the liiirface; hut pj-i'Peiitly 
the hnpe hetwt nw^in Hoaik dowTi. atsl they w'cn,* tddli^i^l to pay oot Unf^ iifti?r Hue, 
111! atlaHt, hflvSng hut a lutk^ U■ft^ lh**y yevn^. rnr™i io TifKlil an ; nml now fotir of 
ihe lunlJwna nlrvw not, while the hflh line hrnke, otnl tlmii all hofu? of savlofc 
the uoftirtnuAti'^f i»r killing iho moiudpr wan Irwt. 
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This should Iw followed hy the illustriition of the aiiliDg vessel 
attacked by a huge octopus, also taken from Montfort, which is said 
to be a ficsiniile of a painting that he saw in the Chnpel of St 
Thotnas, in St Mfllos?, a French seaport, and of which he relates the 
following story, told Ijy some of the emv of Uw vessel to which the 
adveiitiins it depicLn impponed <pl P): 

Ttie Blilp was on the west Afrliwa wisl, SLe hail Jusl takeu in Iw,t carjM of 
sliuTH, ivor>\ iittil isitlil dust «wl the luea wore np the nnehar, when 

Eu^MiTikly It iDcutFtfwuS i'uttleflah an lop of tlto water ninl alunj^ Lta 

iintiiH about nvo nf tin* wnst^ Tlie of Uie arnot rottohcil to the 
anti the weiKht nf iho cottk* the ship over, ao tJmt she lay on tor beam- 

outls anti was npfir Itolii^ cap^iiKOtL Tlie crow selEwl aiea imd knives^ nnrl f>tit 
at tlio aniw of (iio nioniitCT-; tiuti dwspalrlD^ of oecnrie, upon their 

|«itron saint. Hi. Tliomos, to help thens. Their preiytrs to idvc them 

ri-jiovi't'tl efmrairi-, far t hey pernei'w^], and final ty sutTOwM In out tins; off iho 
urtns, w^bon the anJnjal sniiik anti the vtatwl elscliteiL 

Now, when the vesoi'l n-turrscf1 to HL ll>& erew, srralFfnl for thetr de¬ 

ll veranco fnim j^Q hlilf^^aus II tlanper, toaeehftl in pnH¥s?iloii to the eliapel of ttwir 
putnih jialiit* whero ih^ nJTort^! u aolumn Lhankiitdvliiir, anJ nfu-nvanlH hnd a 
piilnllfit; iiiniJe represcntlDE; Uio eoufilct with Uio cnttlo, and whTeh was Unnf 
lu the L-hapel, 

Blit kt Hontfiirt, who was once paiiifiilly ViUtcii in the side by nn 
octopus, wIiDse hilCf he snys, k not paiik>naijs, relate one of iik own 
experiences i 

On one o<?casloii a hnee mastiff wlikh arcompanleil me on my explorationa 
drew my attention by hln cxcln^d harklngr. Whan T cniiio to the rfR-fes I founil 
a mttleflsli, whose arma WE*rt* foi*t lonp* He whs ih^fertdlnff litmiwlf apaiJiii^t: 
tbf^ Tlolenl nttarbs of the dos^ an animal of alie and atr<?nittb and un- 

dauct^J co«raS!^*x widch hud already once ^vvt\ my Life when attaefaefl by a 
wolf. Tlie doj? mn nrounil the cuttle, vainly attempting to selae the arm.^ 
w^hlch fotlow-rtJ liltn %i'ltJi slnfmlar ilioctorlty and lashed him ov^^r the hark like 
whlfB. I on a minnte in prwit fL^tordsliiiient at Uie destcrlty of tlia 

rutile, which rtfH'ntml full of rnicb\ and showed no deidre to r+*lrent, flioupb the 
water wne Just Ndilrul It. Wlion It wiw' me It seemeil for the first time some¬ 
what Inllintflnled* Tlicre was n ehjiti^E" Iii lls inetle^^, The artiL^ atrm-k oul 
|e»i often, nml II ^iiidcavorwl to driij? iLsrlf to ihc slujre, Seidaie IhSs. my brave* 
doi; -re^Tunl enismrafX'tb Wiitrhlti^ ti chance, he leaped wdlhlo the arma and 
faiiteno^l hlj* teeih in one^ finite near the hoily, 

IrwtHutly four arma wen? dmwti irp ami twlnnt rfpfiHy uliout tho dnit. who 
sEmpi^lL^l vainly to free hlTn!?rlf^ and, fur unce IomIh^ hla €NJumae* uttered pile- 
rus bowds ami rrlts for help. IMiniitlojo the cnTile* whom husps prutrtpling 
eyes fiwnetl aettially to ftmh fire, ami whose twwiy hiiil turned many eelori^ from 
ilnrk violtjt tn bright scar Set. wax dtiiwlnB inmlf with coualdemhle Bpcoil i award 
the WTiier, drapiini; with little effort the heavy btuly of my struirgllnj; doij. 
The pm^h mtiky Kreimd bel|H?d him to drug the wt^lsht along, by glvlai^ him 
arms iwure bolda. 

Already the Hamster had rvacbetl the water i^ide, when I roulil no hmipT 
iNpar the sij^htp anri mvhcii in the help of my fnithful dog. 1 ^izcd two of the 
orras of the cuttle^ amj, hriidng ray feet flrmJy aeulnat a solid rockp pull^ 
with all my BtrenEtb. I suotvoded In tearing !oo« these arim The oolnial 
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mtcrH trica of ra^e wWcIi resombted ^^vrl of n flurc* wntcb- 

(JOffp and liltackPiE iiiGh too* tlirowln^ twu of arms flthuyt my 

But niy Ijmvc sUig tail not boon Gatherlni: oourriKv from tcy advnnc&. tie 

had isucoecfl€d lu fjiiSto tonrln;: off wkh I 1 I 9 ^tronx ti?cth two <jf tbe urutg of ih^ 
outlie: nUfl with wiiuthirr fltruf!:gl0 be was fmv Thou, vrith g fury wlitiiii I never 
BOW erjuntwl, lie iLttue^^t tho diBublod moiurter, wldcli wo toi^t'ibor 8<»oii orer- 
power&iL 

1 dotormliMHl new? n^nlo to Attuclc an auSmtil iif this kind utiurmaJ, ur to 
vtfiiturc to dose rimutors with it, 

Beale, iiti Engliflli physioian, rlio made n whaling voyage in 
liiSl-33, described on octopim advent lire worth rclatuig. 


Wliilo upini the Hon In [tilnnils, seerehlna for shells npnn tho rocbi which 
ttinl lusen left hy tho rtn?i‘<llps sea tlilv, I woo much Astoulslioi:} nt stt'liig iti my 
fftit II iiiocl eatrattftlliuiry louhlna iininutt cruwlln); tuwanl the surf which hurl 
only Just left IL 1 Imil iievvf *wo one like It ondor such clrcuumtnncv'r^ lueforo; 
It therofore nppeored the men* njuuirkshli'. It wns ctuenInK uo tts eluht k^jis, 
wlilch, from their hdft umJ fltJilhle niture, bent cunshlerjihly utmer the wolfiht 
ol ItH body, se tlmt It WUJ lifted hy tlm etTort of Its leiilJirulne coly a sumII 
aiei4:MnM> from the rwKo. It uiimurctl iiliich nluniicd at Hmlug rh?. mill tmule 
every eTert to escii]x>, while I was not much In tho liiiinur to cndoticer to 
eopintc so uKly o cimtiimer. whose iipriennit»rc ciclic<| a feelliifi of dtssuKi not 
niiuilseil with four. I, hnwecer, eu(loovori.i| to prcvi-nt lu «s<aii« hy pr«altij; 
on one of Its U-i?i with my foot; hot alihmif-h I tnmJe um of conHlilomhlc f-.ruo 
for thnt imriHwp, fto strciiRlh wna so Bri-ut tlint It sei-cntl tiimsi nukkly liber- 
afwl Its membewi In spite of nil iho effortB I ceuhl empJny Id (IjIs way on wet, 
allppory tikIcs, t tww Jnlil hold of one of the tentaLdes with rpy tin ml and held 
It firmly, w that the limb nppcmwi na If It would W torn n-windcr by oui 
tinited streoKth. I soon pace It a powerful Jerk, wlshlnj; to dlspnaugu It frem 
the rocis to which it cIuoe 60 forcibly by Its sucW TtiTa It cCectuaHy 
nwlfftcil: but the momeDt after the apparently cnrni;ed aultnnl lifted Ita lienil, 
with ICS Inrtfo eyes projecting from the tnlddlo of its body, ami letting pi ite 
hold on the rocks suiMonly niraciK upon my nnn, wlilch 1 lisil iitiwloosly bnrtsl 
(0 mj- shuuliler for the pilrpoac of ihrumliig Into holes la the rocks tu illscuver 
ahellt). It etuag with Its suckero with great powisr, eisleavorlng to get Its tmak, 
which I could now »«■ hefweeti Uie roots of its arnw. In a [wwittun to bite, A 
■euMitluu of hiirmr porvailed my whole frame wium I found this monstroiia 
hnluuil hud iifttscil iHidf «o ftrtnly to my arm. Its cotil. allmy Bmsp was 
oitn'uicly slL-konlnB: and 1 Immediately eaJlitl aloud to iho captain^ who wna 
nlKO srarchliig for shells at jhirw distance, to coma to my rclunae from ny* d!s* 
jm*tlnK ostiallaiit. He auletly afrlvtsl, uitd taklnir me down to the bout. flurlDB 
which tinw T was employed In kcepinif the beak away from my haml, 'iiHictb 
reksuHit mo by deatmybtg my tormentor wlUi the boat Jcnifo. when I iIlsettiniEed 
It hy portions at a time. This animal nm-st have measured aemoa its cxtinn^ 
arms about 4 fret, while Its body woa aot larger than a lurgo clenched hand. 
It was that aperlw of nepla which Is called by whalers " tiMk miuid." 


^Vnd yet anntlioi- narrative is taken from CrswII's Natural History; 

The fniiowinp owount of a mariw diver, attached by an octopna, eshihits th^ 
behavior of [bisw anlmala towanl any tmlnx that iutruilw upon tlmiii in 
their naUvo eiemwt; on Jth November. IfiTB. jjr, j, tJo^-erniaeii" 

direr, was at work at tho bottom of tho tideway af the Riwr Monoe siei 
bourse. Havlns placed a chnnie of dyuamlte between two large rton^ he 
came up and taploded It. and on deoffindloa mBntn found ^09 of tl« rtmw 
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throti-n out, wliloti sent up, ami ih^a liiwke*! oo to aniitlifr, but Ooiibi tit't 
mratt itt hnvid^f ai^liit tlie cturent U’iujj protly strong nfc tlie 

|[tfw, iitr6tdloi;l tilmself out on tht stojM?, and renchlng h!a rjglzc urin do^ n 
to fwl If lio MUld E^t anotlHjf nfunlli ntnirEu uiulor II, not bein^ able tu iTo thin 
In ntiy nthor poarttlotb “My arai." be scaroety down, howler, 

boforo 1 ftmnrl thnt It w*s held by nnd the iieilon of tliu untof wjis 

utlirinn up ttie loose clny* and tbi^reforo T could not jmw ^llsutnctly for n 
rniniatcff, but wbnn It did clear awuy I Kati% to my horror, tbo unu of n lurF,^ 
octopus crj.twlni?<l mumi mine like a. Ijoji constrictor, iiod just ihcu lie fliml 
Home of hbi ^uc'keni on tho Iwicfe of my utnl tlie jmln \i'fkja Intomm. I Mi 
na If ray linrwl was lieln^ pullcrJ to plei's's^ iiml the tonre t trlel to take It uwny 
the nn:*ntiT tbe pain Iwcame, iim\^ from immt estierience, I knew this rai-tlusl 
vcuuUl Iw But whut wiia I to dn^ lyliaig In this position? I htid the 

ITPHitest dinlmUy In keeping my feet aa ihe ttir rtlslied along the interior 
of iiiy utHl Inflnteii tt^ nrnfl If nty fiH't hufl uppermost I should ernm 

have hecoirm Itaa^'tmETh*, held Jn such a pw^lUmv had If t hud given the slgnul 
to he pullo^l up the hrnte wouhl htivo helil tin aitid tlib> chuim‘s> would have 
tieen ihnt I uhould liiive hiid n broken am. I had a haumviT ilawn hy me but 
ctmJd tint reach It to nw? It on the brute. Then? was ft jfmnl!l Iron tmr not fur 
frtim me. and with ray fwt I dniuged this uloag uutll ! t-onld reach It wUh 
Illy left hand. And now the fl^^ht fjoniuteriLiHl j the tnoro 1 struck him the 
tliditer he Bauetweil, iinltl my nriii gai Einlte tH^antnbetl, but lifter awliJIc I 
fouiiii the grip begun to raid p little, hat he hehl on until I ludl pIpiohI i-ut 
him to pleow^ nnd then he reloxeil hhi hold from the n^ek am! I piille«1 him up. 
I tun liKmino you I wus completely exhausted, having been In Hint imefitlou for 
over 2d mlnuh^ I hrought the nulrani up, or rather a liort of Ih VVe laid 
hira out anfl he fra^nured over S feet ncross, and 1 feel perfectly Convinced 
that this fellow could liaTe held d^vm five nr nli iuctl It Ls nttly when n fierpoTi 
gets fi grip from tliew brutes that one nuIlKeA their mrencth, ond It wna liicky 
for me that I wna imt (in amnteurp for I can oaspro you that I lind the gradient 
struggle Ut get clear of It tliat 1 bai*e ever tiBil with any mijimil under water^ 

Here is siill another yum hy Aldrovandij who speaks of the 
possiim-pIaTing of the octopus : 

An ectopos^ considered dead, wnn placnl In ft kettle nnd hung over the flic, 
bcetimu revived, and gained aulhclt^nt alrcugth to leave the kettfu. Climb 
through the clilmuey, and setit hlnesclf Pinm ttu? roof, whcrcp after comildcrnble 
hauling, he WPS dl«coveroih 

While Pennant stales^ on authority of a friend long resident in 
the East Indies^ that— 

In th^w Pcna, Uic elght-nrmed cuttleflah has ttecn finind of micli Mire na to 
measure 12 fecE la hreudth acroia the central port, while each arm ivua tH 
(chH: In length; thus tunklug It extend, from ixilut to polutt stwut 120 feet (pL 
iOh 

He further that— 

the natives of the Indian Tslca, when sailing In their canoesi, ulwaye take care 
to be pruvjiled with biilchcu, in order Lmincdiarely to cut off ibc nrmw of such 
of tticw onlmuls aa bnppen to fling ihom over the ^ 3 lde?l of the f!at 3 ^^ |^ they 
should pull It under water aral sink It. 

Quite ftij excellent picture made by Giistnve Dor^ showing 
Gi]jiatt*3 fight with the devilhah in Victor Hugo^ Toilers of the 
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ure 2. Tiii& h n 

binutioii of crab 
c artist lins ternii- 
ov’cry one of tbe 


Sea is here reprwbJceLl (pi. ll)^ but wc regret greatly that tfi« nti- 
Ihor^s pu’wers of obsor^atiori were nnt on n par with bis wonderful 
gift of dramatic diction^ for a trifle more knowledge would Ijavc 
raised iliis chapter fruan tlic litiiljo of silly yarn.? to a prmluction 

worthy of Victor IXugu. TJie fol¬ 
lowing ^tement, >vhidi we quote 
from the abrpre work, i-otituiruf 
not a single atom of truth, a!- 
thoiigli the author atteiiipt^ to 
slrengthen his case by referring 
to men of deienre, from whoso 
works lie iincloubtedly gleaned 
Kime of bis rare mforinaiioiit 


The anascled fiwdb the flbers of the 
liCKly are coutortecL the skla onirktr 
uiiilcT fJie liuiUiHupee oiPiirv^ton. ihn 
Lliiod HiairUi vni ami luliiale^ Lorriblj 
wEth ttle l^rasph oC the niaajatcr^ wmeh 
clings to !u vJet^ai Uj Innumerable 
blUeoni niouthiL The hydra lurerpO' 
retell li«elf with the uiud, tht? iiielu 
comes uae with the ]iydni4 Th^ i^H^cire 
Uefl a^n you; the tlj^er can only Ue- 
Topr yoa; the devlJdidi, horrible, RaekH 
yimr llfebtood lie drawtf ynu lit 

hTai, nnd Into bfmselt; while boond 
dewa, to the ground, powerlei^ 

you fCel youn»lf cnititle'’ 

Into fill!! horrlhSe pooch, wtdeh 
ttiv lister. 


It would bo unfair to loare the 
Octopuda Witliout railing ntlpn- 
tion to the efforts of some 
mLKlerti story le]ler& Wo 
for this purpose a clipping 
the Rail Francisco Chrouieli 
produced in figure 2- 
luairi'elotis combination 
and octopus ^ the art 
natwl not only 

eight arms in a pair ot pincers, 
but he has even modified tJie body 
into a claw. 

An endlesa numlwr of instances might be quoted from the daily 
press relating sjtmggles l>ctwci!ii man and the octopua, not all 
of which have terminatji^ as favorablj as those which we have 
quoted. 
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The octopus is cn.mivor«njs, and hence must seek his animal prey. 
He li?ea chieSy on. molliisks and lish^ and even in the long 

ago, shoM's a reniarkabk kuo^vledgic of their liabits^ lor he states: 

They feetl upfm tlie flesh of ^lnfrllll.^h+ the shplla of which thi^j cne easily 
brofilc In tljc eiiibrm.'e of Ui»*lr uriiiii;; lieoce U Is that Ujelr reLm-nt iiisy ho 
eiiaily detccled by the rlpces shell which lie before IL • • * In lt4 own 

ilomt’sUe inultenf Lt manifests oatishleruhlc IntelUj^emse. It cnrrlea its prey 
Eu its tieiEii^ nml after enthii^ nil thd flesh, thrown nnt the iieOrbst iititl Uien 
tkursttc;^ sneh sum! I Oah im nmy cJintiet^ lo Fwlni townnl iLem. It al^ elaui^i^ 
Its tolop neeonlLiii; to the of the jiince w'hero It Ib, and ruom i.spacliLjLj 

alien It H ahintiecL 

Tbn Qcrtqpua, however^ is not always tli& buhterj but fre<]ueiit1y 
tli€ hunted. Not least ainuiig bis enetuies is tunut for since very 
undent times he has Iwii considered a choice n^oi^l in luany conn- 
tries, Tho Greeks and Hoinaiui considered them the ;5ncst fish in 
the se,a- Pliny tells us that the gmirtnatida of Home ate every 
Yjoriety of octopus known in the iMciistemirican^ They wei'c cooked 
in ft pie, the urius being cut off, and the iHKly Bllctl w ith spices; und 
tiiG lioiii[tiis were m avroful in their preparation tbat tbeir eoobj 
UBC<1 pieces of bamboo for drawing the body, instead of knives of 
iroRt whicli were supposed to communicate an ill llavor to the de¬ 
licious inorseL How highly the cuttle wa^ esteemed by the Greeks 
is evident from a story told of Pbiloxenm of SjTacuse* wbo^ de¬ 
siring a delicious dinner^ caused a polypiL^ of tlireo feet spread to 
be prepand for the principal dish. He ate It alonCj all but the 
head, and was taken so sick in cousequcnco of bis surfeit that n 
physician was called. On l)eing bluntly told tlifit bk cara was 
desperate^ and that be bad but a few boiii^ to live, Philoxeniis called 
for the bead which bad been left over from dinner^ a to that, and 
resigned Iiimself to big fate, saving that be left nothing on the earth 
which seemed to him worthy of regret. 

The methods employee] in their capture vary Avitb the people pur¬ 
suing them. Aristotle tells us that the cuttlefish and the octopus 
msy be n^iuigbt hy bait^ The u^?topuSi in fact, clings so- tightly to the 
rficks that it can not be ]>iille(l off, but renialii^ attached even when 
the knife has been employed to sever if; and yet, if you apply deabane 
to the creature, it diDps off at the very smell of it. This proceduro is 
still common on the Sleditorranean shores, where eillier lleEthane 
[/ntr7^ c&rifza) or the even handier drug tobacco k uaed for tlibt 
purpose- 

Simmonds^ in his Commercial PrfHbicts of the f>ea^ gives the fol¬ 
lowing quotation from Vice Consul Green’'s i*eiJort oti octopus fish¬ 
ing nil the Tunisian coast in inoderri times: 

On tlie flrb"t arrkal of the OctoiMHlIa in the Fhnllowfl ihcy la mrirses 
or ahoalB, hut specilUy f^eisarnte la nenirh of wliolter nttioTii^ the roclcH evar the 
beach, eovertNl by only 1 cr 2 feet of wateri ouU In Uio stony localStica proporftl 
73530*—Hif 1910-24 
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/uf llietn by Lho llaJuirroen in tinier tu fryntTnlc tite of tbi-tr Fpnwn. 

totj"p| fljTj tnlien tn itfKfi wiiter by nwnnH of carllicii Btimtii; toj^thtir uuit 
iDwcreil to tUe tHtltnm of the sea, where tlicj are allowt^l to n-mala for n «r- 
ttilu nttmber or hour*, nhbi fn whidi me DairanLi intnichice tbimselves, Fnj- 
quenlly from G to 10 |ii>lypl ore inlren fnbtn every Jnr nl eueh visit of ttio 
rtehemieii. In less deep wiiter eartfHoiwfire tlfftlnplpcs nre plneei] side bv *Ule 
for iKitatirt-i fn'quontLy esceedlnfi ImJf a mile In lenjrtli, and In tliew nisi they 
enter and an: tnlien by the fishcnneii. A» they are attracted by white niul all 
8nKH.[h ntid bright sulntinnees^ ihe nmlvM ileek [hTnci** In ibo freckn and 
hollows In ttie roelEB wilh white recks nnti slicll*. over which the polypi siJfeinl 
Ihenttelves atiJ are cnufjht from four op fo elj;ht nt a tline. But the most hih> 
««rful iiianacr of secarini; them i* pursurtl by the labnhltant* of Kuritennh 
who form lot.,; iHiics nail InbyrimlM in the shallows hy pliintinit the butt ends 
of palm bruachiNi at slmrl .ilsttuioes from each other, nnd Ihew coiistrnetlon* 
extend over *iiacea nf two or LWPte atJlei tin the ebb iif tlie i trJe I the foil here Is 
iitwut 10 feet) the tlctnpodla are found In the pools tuslde llm Inelosnres nnd nnj 
raslly collected by Uk: nshcrmeji, who sErlti^- them in bunches of Sti eneb, nml 
from G to Id of tfowe hunchrs. ctillcil " rlslna,'* nre secun-d dully dtirlne the 
by every Lout's crew of four lueu, 

Tht' simpledt mcHidtl, probably, fs tliHt uscfl by the I-'i]Ipino& AVcIl 
flo T recall niy first ootopiis hunt with them In. the suiithern islands. 
It was a dark tilghh The gtsitl slvip Afiairosa liiy pciiccfully nt 
stit'hor :^RtD half mile ofT n Moro wIujsb (lint {lULlinc w’ss 

faintly Hilhouelleii iigninHt the sky, W'e had just finished oiir dinner, 
retiimed b) the ileck to lake up submarine light tisliing, when we 
tintlced a tnrchlight procession proceeding from tho village down the 
sand spit that fringe:! a reef. The orderliness of the procedure soon 
changed to wliat one at our distance migiit have consideml aoum wild 
ceminonial 

Our curiosity Iwing thoroughly aroiiiiied, we lowered n Wt and 
soon joined tliu imjiy of men and hoys, w ho were dad in the con* 
ventional G-string costunic, each provided willi a torelt varying from 
about 4 to G indies in diameter nnd prohaidy 10 to lit feet in length, 
made of slender segmenfo of dried, split bamboo, nirricd on the 
left shonlder, held by the left band, and lighted in front. The 
rigJit hand was reserved for the ever-present Imlo or a apear. The 
light of these tnrdies would show througli the shallow water and 
thus i-cvcal the luckless devil fisli, wldeb seemed to have forsaken 
I he secure caverns of the reef nnd to have gone a-hiinting on the 
sliallow fiats witliiiL They ore curious creatures, and their liumped- 
up attitude and large eyes render them rather mirth provoking at 
Fiich times. But there is little time given (o contem pin ting, for ii 
tiiitivc liolo or i^ear brings him in and lio la promptly strung on a 
rattan siring, where he may continue to squirm with liia fellow 
captives until dead. 

TTb secured enougli specimens that niglit to ennldc us to spare 
some to the cook, for Ming assunnl us that they were “vdy gfiod.’’ 
So they were—rather, I should say it was, for I chewed a single 
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A*i Octopus Feedlwo oh Fi&h. 
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tentacle tlie greater part of tlie following forenoon and relinquished it 
only, and that with regret, when my jaws, aching from overexertion, 
refused to opcimto more. 

On tlie island of (tuam we found an entirely diderent method in 


use. Here we 
the ria- 


Capra Island to^ 
wa rd the steamer 
entrance tn the 
lieautifiil Pitt 
Hay and I [arbor. 
The natives here take a Bpecimen of a large, 
j*cpulsiv€“lookuig Holotluirifld lUtcltioittna 
line widv a sinker. Tliia is lowered among 
the crevices of the reef. If It finds n cavity 
with an octopus the animal at once leaves 
the premises and is then easily »[>eared by 
the man in the bow of tlio canoe. There is 
evidently something about the Holotluirlati 
that isso intensely distasteful to the octopus 
that he nt onefi forsakes his lair. 

It is quite a picture to see tlicso fishemieu 
aB Uiey work in the very teeth cif the pouiid- 
ing surf with a craft so frail that ono con* 
F,». «tQp™ staiitly wondcra how they luatiago to kccj> it 

UantiD tseFhfiiAium. froui being daalied to pieces. 

The following is a quotation taken from an article by Dr. H. M. 
Smith on ^ Japan, the Paramount Fishing Kution,”' width shows 
how the Japanese 'fislieruuMt catch these animals: 

Tiie pctiitais ar UprliflBli Is ntiuiulant aiul i« aa 4o»a proilnct In 

jHiinti, alih(iu|;li my oc-woiuil oflhlua Is Ihut It tlDfs nnl aro^al Mtrniu;)y to llte 


'TnnHcUvM et the AmtHrtii Blibcils* Boclsfy, Jfltlf* 1904, p. UO. 
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Auierk^nti pntnta Tin? wlftpus bs caaglit In vaHiniH ’.vnjrjJi, one of Uic most Int^r- 
« 2 fUiig of vblch Id by thp use of cairtltt?n%VAro pole, w^hlcti fue lowerwi to tL$ 
by nikTin-^ of oofils; tliey ons entenxl by the ortopiiK«s 
lufrlniLiitofl diejf!L^'lvc8, ore reluctnol to w^tbdrtiw, bo tlmt tli0 pota moy ho 
poitpfl irt l3iP? before the nnimnlfl try to wvcrtpe. I hrlo^r up tUb fl--«liery 

in ortkr to n-fer to n lo^jenlrias oomllnry, whSrh wnfi ilrnt im^ntloitmt to me 
hy a profc*>34or lo the imperial iia|?rrelty' ami Inter verlflcsl by oijTsolf, ^Inm 



UiHo n eontuiy ago n vessel hideii with a very vulnahle tfiiifo 
ol poreelaLiui fni’ii] l^oren deatlneil for the ImperLaL bouBeholil 
wnn WKV'totl In tbo ]iilai3<i| Sea; the cniitiLln nm\ other 
olfleersilEii ivhat ^Scema iu haro been u. favorite lunDscment of 
tlm ohhti itiiys; nnraely^ they cmumEtted mileUle Juat Itefisre 
thi* vea^l sRuk In deep wnttr* tteceiitly flio fWliertilcil liiive 
hmt rpoovprJng of this potieryT wlilrh tm^y has on jii> 

jirpf^JntcfJ yaluo, by tyJtiif irtrinj;;^ to oetotiUH^ nnd lowriiiis 
them In the vk’Snll^" of the viTeok. TTlio tinltnnla enter the 
Vessels and retain their hold of theio nrliue tjelnff drawn 
the BurfuLiu pieces uf thla pc»rcolnln which i sow 

were yoniB, seeinttig but Httlo the wnrite fur their proEimia^X 
ffubiiM?r4;reiii-e. 

To show Low 


Diiertslve iLe octopus Odierk^ 
an? wii ngnin ^uote froni Vicn Consul Greens re- 
pcirt in H-unmoncls's CommerpiiLl Proilucts of the 
Sen^ who furmahes some interesting partialikrs 
m to tlie BsLin^ imd tmtlo in ocplmlotKids in the Tunis waters 


Fio, 4,—I^Kh!i3K 
fur OCbipuH uia 
tbe kE 

fi nnm. 


OetoprwJlo iitiij polypi nie the irnde tintnwt nndor which thwe ceph[Llnp(!ids are 
known In tin* larrctit and Cirtvk tnarhetn, where tbiy nrt; solely Imported far 
eoibfiiniplloii during I^ut, the f JnhwJox CTiureli pul IneitiElhig them In ibe pre^ 
bltdUfm ngulnst Uio use of flc3b In sensons of h'13;r]uiis ubstlmnicw. In a a^Mtd 
wm^tn the Krvemi TiLlages on the Ifllaiid of Karkemkh Supply nbvat 3>(MM> huia 
drotlwoiBht, ntiA\ the Juhnh waUrs a ttiinl tKirt of dits quantity, tn iin avemgo 
year ttie yield will bo under bniulrwlweight, and lii otm of ik-nrclty LlXm 
hum! red weight. On tbi* Khorcs from the 11 Huge of Luc^ta to Thnt of rhenlea, !□ 
the Gulf of Kbuh,^, the mitives collect from 4 to ^ huinlmlwelght t>f euttlellsh a 
dny during thfO simaon, hot Ihhi aupply Beneratly serrea for the eonsumption of 
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Plate 13. 



A Cuttlefish SLOLtoo vuloahi^ 
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tli& rejcMcy. Tlie rcrDnlxJnir MCist ntvl iJiliuiilK iimy Ijp mleuluted to fMnL>?li a 

inlijiniuiu of IJT^O to 700 hauamlwoEijht of tlriftl motlujKai 

Tilt TuiLlHiiin f.iovomiutiiit t-iuliua n tLlixJ of 
all tilt' iwtypl fiebed uiioii lia t^st, Tiio stelb 
Ing [nHee Tflrlett eonalii^i^ibly uecordlUK iin tfiQ 
HlEO, HU|]jrty, and d^iiuiaa. Imt at Kfiix n r^lr 
of thi^ia ntny cost* m cliTuiDsEaueos ruU\ from 
flcL to Is. 3«L; lnjiivyv*>r, tJie prosairotors- dohl^ 
rollon, by <3ii a monf ^lab or rodk^ 

ruMijalreil bufun^ ilr^^inj? Stulls n nnmli mltjl- 
LioiMil exi»iise aud brloj^ tlia extreiiies of low 
ittid hl^b i^rlrea to 21j or R(l ftliiHings per boadredwolt^bt. To 
ttio c?csL iirJce must Iw Eidtleil an export dary of 3a Id. Jind 
tbo purtiboji^r oojjlit lo bu rarefnl to r&c^^lve bis inarvlifiiidLso 
from (lit sclitr during dO' wtatlier* as n dump dsy will odi| 
from 4 to b per cent to tbt of every bimilrodwelgbL 

Fixim two to tbroe imblle of dried polypi take place 
lu ft a^eosou on Uit Liiland of Karkenob; nre n?gii|fttcd 

ocwtdlni;^ to Urn abundaneo of tbo ^gIi, Tbc overage iprlet of 
the lost Bix years bjis beon: r>arLiig the Hrm sale, from -ib to 
TtO BbilELngs jier bondnHlwtlgbt ^ secuud m\Q, 5^3 to -15 sMl- 
lings: third (mjIo. 2.7 to 30 uhlllliigA, A few first parcels, In 
order lo Secure on e^irly uitirkeu haVPr boweier* oocoflloniLtly 
boon Sold for £S the houdrodwiiigikt. 

Xfnlta reeolvftfl the largest share of the Tunlftljin polypi* 
but tboy are only Bent to tiuit lalHiid for ultimate tniusiuLa- 
slijii to Greece imd other porta of the l^viint Portugal to one 
of tbe fmv countrjijs* mat coniiwtos with Tunbi In auppSylufi 
the Orwk morketa with polj-pl* In Greece they uro either 
fwild, lifter Ikelng pleklecK ut frxuu £12 1 ^>h. to £16 Os, the enntnr 
of 170 or. In thcEr orlglnol dricil Htnte, frt?m £12 to 

£14; but these prleGS duvtoate accontJnir to the favonible or 
linfavoralde reaulls of the seosoa'a flab Lug, 

We tniist not forget thiit while we see little of fJpied 
or piekled octopi in our own country except in the 
Chinese, Greek, and Italian mnrket^ of New York^ 
Boston, San Fmncistso, and Cliieogo^ it would be 
dilBciilt to find n food dealer in the orientu] markets 
tliese choice dainties. 

^ So much, then, for the octopus^ the 
animal that in modern times has become 
the emblem of selfisJine^ jind iniquiti'. 
Let IIS next turn to the decajKids, our 
^uids and cntllefishes, for it is here 
that we fitiil the tmist wonilerful iiiem^ 
liers of the gmup. Inch for indi, tlie 




FllL 


ft*—for otitaport 
JapaiL. 


squliLs will cojinjcte In swimiulng jwwer witU iiny other creature thut 
Dvps in the sen. 

yelJ tlo I reciill tlio nule awakening to which I was subjected when 
I tried to captuiu isouie isleocler Luligupsoid stjulds in the sotithern 
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gi^ession mtirked them as ^ 

unfit competitors with 

other murine iiuinuils. j 

It was on board the At- 
hatrot9 in tlic liurbor of * \ 

rTolo on II ilnrt tiif^ht. with 
the *a*ii UK smfifith ]^s glp^. ^ 7 
We were fhshiiig with tlie -i— 

STibniiirlne lights h menB 1ft- 

ca^iilkpowcr electric bidb indoseil in n glass globe 
ccumected to a water-tight eable. It should be 
stated that ttve sea about -Tolo ITarbor w'us found 
to be one of the richest plankton-bcttring pieces of 
water that it has been my gool ftirtnuc to visit; 
and whon^ you have un ubundunce of microscopic 
life, there, too^ ■will ymi find the larger forms that 
subsist upon it. A swLsIi or two of the light and a 
raising and low ering of it at once aUmeted u cloud 
of minute funns, then larger elements came, in 
[lart nttracled by the liglit aiul in XJurt by the fciodp 
The piotozoans accumulating nlxnit tlie glolie were 
soon followed by worms and crustuceanSj wdiose 
tangential (xmrse would soon have carried tliem 
beyond our light were it not that the fas^inntion 
cm vts it more mid more and apparently renders 
Ibe uTiima) unable to csuTupo from the charm tbat 
dntwft, and Ixuids its path to si^in about tiie globe. 
Tlnis we soon found millions of crealures drawn 
into a spinning vortex almufc our light — the 
** wheel of life,” as some one has aptly termed it. 
Hut new meinljei's were scion added; small fish of 
Torious kinds^ a school of sardines dashing nmdly 
after the small criistaceans and worms, and still 
larger and larger fish at 
grt'uter distaucea from the 
Jighi, always preying upon 
the lesser circle Aviiliin; 
now and then even the 
shadoiv^y outline of a large 
shark injected itself into 


FlO. Qu —lililiKjir with iKlujiUii iQ 


the distant reaches of our lan^>. It was a mad dtmee, this whirling, 
circling hoot of creatures Hooii a Jiew element entered; living 
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Iirrows, a j^ichool of Loligopsis ^licjotiiig nema^ oiir liglitrtl field, 
appanmtly not so nuick nttmeted by the light lis by IU« feast bofore 
tljem- They were won<krfiil creatures, unlike anything else^ they 
shot forward or back like u almtlle, with bghtning mpidil^. Not 
only that, but they were able to divert their course into any direction 
with equal fijiecdp Siiooting fonvard, their tentacles would seize a 
small fish, and instantly they would come to n full stop, only to dart 
backward like a flasli at the least sign of danger. Kill, kill, kill; 
they w^ere bIoodthiii 5 ty pirates, A bite in the neck, and the lisb was 
done for; but the sjjort continued, and, likely as not, the fish would 
be dropped and aiiother seized and disi>atehed- Never before nor 
since have I seen aniqhing that appeantd to me more beautifully 
erpiippd for an a<iuatic existence than tlic^ s^juids;. Frequentty— 
yes, very frequently—their inipeUmiu^ darts would carry them away 
above tlie Surface nf the sea; flying ^piids, wdien the pup^ping of 
their siphons produced a popping fiotind- 

I tried to jig some of tbeni, having heard that Ibo Nowfoundlaiid 
fishermen employ a sinker w^ith a series of hooks attached to it, which 
they bob up and dow n in the water, thereby attracting the squids 
and hooking theuL Buk our Sulu squids refused to be hooked. 
They' would dash up to the contriviince, follow it at a safe distance, 
but disdained to bo caught* They would even snatch from the 
books the email fish used os a Imit, and make gocal their 
Even tlie expert jiggers aboard failed to catch them. The bright 
idea to float a pocket net from the beam and have them enmedi 
themselves lu it occurred to sotueoue- This was tried, and we found 
tlvat our squids possessed an intelUgence ei|iiiil iu their lighlning 
Tnovements. Did they enmesh themselves? Oli, no; not one of tho 
thon.^Tid iir more tliat composed the eehoot^ but they seemed ti^ enjoy 
a1u:}Otiog through a hole in our seine and it was a comical as well as 
wonderful sjglit to see tlicui dart ihrougU this opening not mora than 
13 inches lit diameter, like arrows Hr^ from a rapiil-firc machine 
gun. Now and then the wholo school wouht come near the surface 
and pause^ then again it would sink to a dcfith Ijcyoiid our range of 
vision* Then they would line up on the for side of our net, sink 
Itelow it, and idioot up on our side, to make an assi^iilt ujjvm the small 
fisJi fry which attempted to escape by breaking from the water. 

We finnHy did capture some by carefully watching the sjieedy 
flight of an individual near the HUrface and qiiiekty casting oiir dip 
net ahead of him. But three nights^ cfTurts of a half a dozen fiaher- 
men yielded only a couple of dozen specimensi 
These were ^vonderful tiights in the Sulu Sea! Turn off the elec¬ 
tric current, and where a moment lie fore you aiw a mass of circling 
life, you now^ liave a glowing >vbir4>ool, eacb spurk an atom of life. 
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while briglit phosphorescent strmks mark the iiioveraent t>f the larger 
fonius, tJjeni^selvcs hammoiis or renJered by escUiug their siiuller 
neighbors to llosh n5 they come in contact. 

An cntlless army of species has been made known by our si!ien- 
tisls—species large and small, slender and stout, long and sliort; 
species with wondrous eyes and blind spedcs, ninny of the deep-sea 
forms hearing ooniplex luniiiioun organs, and all of tliem possessing 
wonderfully devetnpcfl dnromatcjpiiores which can Ij« contraetifd or 
enlarged jit the itiiiincir^ will+ Tlie contraction may reduce iUem to 
a mere dfit^ or they may lio expimdcd to SiO times tliat diameter. The 
changes Ln the con tract ion of thoiisaDds of these minute pigment 
cells* some of which are rosin coloi-ed^ others yellow* bluc-giTen, or 
brown* prcwlnce the dashes and changes of color that have gained 
fha ntiiiie of chameleons of the sea ” for oiir squids^ 

The literature of the post ubaunds in sea-serfHjnt niytiL^ which in 
LL large measiirc are tiaceable to giant squids. For these ere the only 
known aiiimul w hose arms can, without distortion, be made to ossuine 
a serpentine form. This is clearly shown by our sketch which is 
propoilioned, excepting partly the thickness of the tentacular arms, 
a'hich has been Hlightly iiicrvoSfiNd, after measurejnents of an actnal 
siiccimcti* The expanded end of tUcso long arms, studdciil with 
suckers, might easily be misUken for the bearded or maned liead, 
usually assignEil to the serpent* There would Ih* enough basis In a 
slioit view of tajch a vision at long range to enable lha untrained 
mind to supply more tbiiii enough detail from the imagination to 
cjrale a kraken* kra.xen, krablhen, korvcii, unkertrohi, a^mdiorveu, a 
haf-guB, BOO onuen, borven, nak-tust, or sea Bcqjent AiiuLlmr thing 
very siiggcstive in support of this explanation ia the fact that the 
known dii^ribution of tlic giant sc^oids is coextenHive with the rc- 
giotiif frum ‘hvhicli the above-named beasts have lieen reported. It 
is also intonating to note iLial the si^o of these mysllc arLimals has 
ilecreused with Increased ocean tmTeL and general Plication* Wliile 
i^ri^nta are annually re|>orted in sea^-^rpent sea^>in no one ex* 
cept the fearless aulurs of old who hmved the dangers of the deep 
in their small vessels, have been favored wuth such visions as one 
finds relat^sl liy tlie lit. Hev* Erich Pontoppidain Bishop of Bergen 
ill Norway, and mcjnberof the Koval Academy of Sciences at Ct>| 5 OT* 
hagun, in his Natuml ilbctory of Norway. iVe quote fnim a trasis- 
Jatioti piiblistied in lx>iidyn iti 1755 (pp, 1131 >l.200) : 

Anolher rlmwin^ nba, whklt ap|>earfl mtm rllfstlm-t wllh rewinJ lo the fortu 
of tlilrt cn-aturL-, wihit liikpii fram tlie rcvoruhil gdr. Journal of llw? Grt^ii' 

Ittik! Liljbctnn^ Hlicm Ihv DCteuDt atands Uhih In ihikp e: On the mti uf July, 
tlicrti iinpeiired n Tcry Inrco niid friKlitful mtn nn>iiitier, whU li mlia-tl 
utj m hifllj oat of the water lliat Its mkctieNj jihoie yur malutuii. It Inik a 
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uhikw MiiEiot* und STWuti^ wnl^r like ^ wUiilt?. irnil ti?iT brand inwfi. Tl:ie IwhI^" 
H^E'UikMl tii IhL^ f.'overiMl n'llh iitmlnq, nmX tbe i^lo wntt utifvvn imd wrinkled^ und 
tji4^ lower ptirL w jiii ft>rii;ffll Hke n fmiike. 

AfU'P sotiin tlB3& tliG crenrnm bnclcwnnJ Into ifie water and %hm 

tunitHt ItJ:^ tnll uji ftV>ovQ tlic porfuee a wlrnSe ship leostli from llie hvntL Tlje 
evFiilii^ we Lad very bud wifwther, S«j far 3Jr. ERkHle. TIse tlm%^iti|! 
nnnen'it irlvo^ me the creole^it iwiJ?ikn to ci^nclude (wbat by otJier ui^vumtd I 
hni'o tliin¥??bt probnblo) tlmt tlicre nre sea anakes^ Uko other Ib^li, of dEFtereiit 
aorta. Tliut which Mr. Kgcile saw, anJ prebabVy all thoae who with him, 

bml timier Ita b<aly tw^i^ or perhapa two bread dm; tEm Ineid irn» bm^iT 
UEid tlio brjHily tbicker and much Bhorter tliuu iheae BUnkc»4 ef whEeh I huTe 
had the ujoe^ coiuilateDt necounls. ThDu^^h eno cou iiot lutTc ur opporhinLty 
of taking Oie exuL't lElmertatEitia of thin creatiiro, yet idl timt liuve aeon it arc 
niintilRKktiH In iifUriulUirH) na far an they can Jndgi? at a tUstnuee. It npiM-^ara to 
Ik? of the length of n cubic, f, a., l*Jd fatboina, op OW iCat,dE.-«b finct: tiuit It Ilea 
on the fturfjiec of the water (whcxi It It? rerj ealas) In imiiiy folda, nud tbjit 
llkere ure^ Iti ft line with the head, aeiae Hmnlt parts of the hack to be poen ahevc 
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the mirfnee nf the wnlef when It mocea nr l>endp. These tit n dJaUim^ npikenr 
like many ttiaks or hnioJlkcadj lliMalln;)' In n ]lnc< w'ith a cotuEilemhlo illictaun- 
beUve^m eacJi iff them. Mr. Tueliseo. of Ilermc, whuiti I tnentloiinH] ulH>\'e^ la 
till' o[ity p^Toon, i>f the hmtiy curmEiHindChta I have, tliut inforniB me he has 
observed tbe difference helwccti the lioiU' mitl the bull of tlds cmiiture us tii 
tiilekmwy. It up]sntrs tLut; thiH cnniturc doeu nott like tike eel at hiud Kimke, 
tiit?or giaidiijilly lo n tKjlid. hut the laKly. whhh loikkii to l» aw Tilu as two 
LoePhojjilH* ifnkWM n-njartably vmaM at once Jnat w’hcnf the lull lieclns. Tbe 
hi:qid In all tbe klridHi hafl u bigb und broad forebeail, but In anme w tkeiuted 
Hiunit. tbonk^h Iti otbers llaat Is tint, like that of a cow or ii hui>k% wdth lun?e 
noatrlls, niut oovaml stiff biilrs Ktatnllng out im each hIiIc like wbLHkem. 

It Is sufi^iOHiHl ihnt the Sea Hnaketi hnvo it very iinlek Kxneih which w’f' lauy 
ooacluda from thiu^ that they are obta^rvcxl to dy frofn the arnsdl of iitstor, 
Vpon tills uceonnt. thoflc that go mit oTk to ibdi in the stimmcr, 

always pnivldu thptrL»i^]vi^ wdlii these anlnuiErt. Tliey mhl. thnt Ihe eyi's of this 
creature are very hirgc. and of a blue fcEnr, iiheI imjk like a oaitda of bright 
pewter plates. Tta? whole natnitEl lu of n dafk-hwi^w^M rolnr, but it Is* !cpet?k3nl 
and rarlcgutcd with tight streakes or spot^ tliut shine like tortoise shelly It i-j 
of a dnrktr hue alKint the eyca and na^uih limn ciieivhcrc, nnd uppctirs In thnt 
part u good deuJ like tbose burst's, wlilcb we call moors beads^ 
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1 do Hot Uml bj- #&>■ i>f mr cornwiMHiili-nt^?, tliat Xhvy upoot tlK‘ wator out nf 
lhi?lr uD^LTllA II kit the whale, only In limt etie r^luted by Mr. 

njcnlloneit iiIjov(^; but vvlu^u. It afprondiufl, li tmts tlw water In immt ne^tatiufi, 
ami makes It run like the rerrent nt a mllL Tho?e on fiiii- eoasl iIllTer ISke^ 
wb?fi ffv.nH the rireeuJaiHl mu uuafcej?, with rf^ioxf to the skin, whlrh Ls ns ircooGth 
ns cist!?*, nnil Ims not the leojci irrlnkh.^ hut ntiout the nwk, where there Lh n 
k)m[ of a nuiiae^ which louks like n 1141 reel of acawifctls luini^itiif dow'n to the 
wuter. 

The observer imdoubtedly mbtook the tail of a. ghint Kqultl for the 
heud of the serpent and the flukes for the limbs. 

We c|uote ngailn (pp. 202^Ct3}: 

tliu> of Uie ufoKfladt Nortli fnitlortt, who says Unit lie tins liecn noar eticniBh 
(o some of tLase -ten <aJlYe) to fe»-l tliolr siuoiHh skin, tnforms me, Unit 

Bomellmes tliey will mlse up their frlgthtrul henilH, nnil simp n nmn nut of a 
boftt. TTlihout buritiiK the rest; btit I Mill not alllnn this for a truth, hOLiiuse 
It Is net oertnla that they are a Osh of prey. Yet this, ursl ihelr enmity to timih 
kinil, cun he do more itetermlnecj, thnn thiit of the hmit imiilie, by the words of 
thi' pninhel Amos (clmp. Ix, v.3): “And thouf-h they Is* Lltl froni my siKht In 
the bottom of the sen. ihisicc will I coaimuint the serjioiit, imd he shaU bite 
them.” 

And again (p. 207) Magnuii, in his Histcr. Septeiitrion, Tub. 21. 
e, 24, ejMiaks of a Korwepnn sett stinkc 80 fwt Icing, but not tlikker 
than a diild^s urm. He says: 

This WAtiire, was put to such pnin hy tin* cmlM fiuienln]' ott It, tlmt It 
wriclimt IiscHf Into a tiuinlrml sIiujh^, I have never hcntnl of this sort fruni 
nny otlirr perwin. amj shuuld himlly believe the gcn«| Oluus, If lie dJd not sny 
tlmt lie aJIlriiied thin from his own esperleii(<e. • ■ • The illsprejNiriloL 

IwtwJxt the thleknoM of u ehllil'ii arm, ami n leb^tb of SO fret, innkes inn think 
IlMfn* must he an errur of the t»rt«a In the platv, for si, pTliujis sliuald Ik il. 
ells, or 22 feet; a more propertlonuhie Ivtisth, for the tlilekncss. 

And yet good OIaus*s observation may not have bwn so very wrong, 
in fact miieJj nearer the truth titan the above listed yams, in ulJ prob- 
ubility It represented the tentacular anus of a giant ffliiid. 

To show the keenness of observation of early seamen, we quote 
the following from the same source (pp, Sll-sis); 

Our llshermcn nnanlmously afflrm, ami without the Icmat viirlittloa in I heir 
aceiiuatH, that wJica they row nut nerernl mllu to wa, particularly in the 
but HumiDCf days, aud by their KltiiaTUiri (which they know by taking a view 
of rertalu potuts uf laud) expect to 11 nd 80 or ltX> fatiiuins water. It ufteti 
happens thot iliey do not flmi shove 20 or SO, aihI sometioies less. At tiuwo 
plsces they ){ejmrullr Hod the sn^atent plenty of flsh, espocLaily «*! and JUu?, 
Their Unea, they maj'. are no sooner out tlian they may draw thewi wp wdtii 
the betiks nil full of Unh; hy this they judee tlmt the brakea m at the brittnin. 
They say this creature causes those* unmitural shnllnws taeptloaed ntwve, atid 
prevents their aoundltia. These the* Oshermen are ntwuys Rlail to Anti. iwklliK 
upon them as a lueaim «f their taking sbtimlance nf fish, Thero are soaietrnjM 
2t> tHjots or more eot toecther «mt threwine out their Um* m p modwau- tlls- 
tauce freni each oth<*r; ond tim only thlrifg they iben have to oltHorve is 
ahetlier llie depth coptinnes the mtnie, which they klu>w' by their liimsi, or 
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wJ 3 £fther U hIuiUowl^ hy tlieir Ui lirtva Ibjm wattir^ If ihls Iti^t 

lie tik* m»(\ tlwjr tiiitl Uml tht' knil^eii In lilik^lf iK^nrer tlit» Hurftti^p 

uiul rUen It Es ntit time fur thiiii ti> smr uny Thoy inmiiMlIately lenvtj 

off fisElDg, taite to their u^tra, aod set awjiy ns fiLwt as tlioy cuil Wlien lliiiy 
lujvt reuelieil liio uniml aLiiUi of tlic jilai-e uml aiuj tJsumi^lYCd oiiL of diiiu?:r, 
tijey llo open their unrs* umJ in n few luinutei^ nfier they see ihts oTwriiioas 
mousEer cotiie op to ihu surf nee of rhe water. He tliera shows htuLsolf sulh- 
olenllyp Uioujfb his whoie body doea hot apptiurp wbieh^ In all IlkeUbotKl, uo 
Ikurndti eye evTr Is'lielJn oxeepElnK tin? youn}: of lliia wlili^ AtiiLlI itlter- 

wiinls lwi fTpoteii of. Its back or upper pnrt, whlth se-etos lit he In npijouraiieo 
nbout nil KiikIEsIe mile oekI h Lnlf Ln cirvulnfereneo—^uie Sfiy ii]4>re+ but 1 
Llie least for greater certainty—loots at titst like a ininibcr of suinll 
IslanUa sijrrouuiletl wlLli Bornetlihig thut floniH uiul (lui tuatjes like scaweedsc 
Here nnJ there a lurgcr rising Is ubs^Tved like snnil hsitiks^ on which vnrluiis 
khnJs of saiull Bsbes are seen contEnually leaping about tUJ they tell off Into 
tlie water from tbe sides of It. At last several bright fwliitH of herns npiiearH 
wldeb fiTdW tldcker tmiJ thicker the higher tlsey rUe hIhjvo tho surface of the 
wjitur, nial soniotLna^ thej stand up an high aad hk htrgo as die masts uf 
[uLiliile-st£iAl voasnls. 

[t seeaw the^so are Uie creature's arms, and, it is i^alih If they wove to lay 
hnkl of fhif lurgi'^jt jnaimf-wnr Uny would [Mill It down to I he boitutn. After 
this niouster hns bwU on the surfn-LV of IIj* water a short time It tiegtns 
sluwiy tu sink again, and tlion Use dnugcr la as great ns before, hecnmie il;e 
motion of hts sioklDg causes such a swell in the sen nnd such an eddy or 
whirlpool that It draws ever^dhlog down adth it, Uku the ctirront of the river 
Mnhv which tma lieeil UyscTlIiod In Uk pmiwr phii^, Aa ihhi eckimiuiM sea 
uidnud. In nil prtphohillty. may he reckoned of the Polyjia, or of tha KtarHsii 
JfliHi, us Kliull hi'ventter he luoro fuhy pri>vtah It timt tlie iiurLH which 

are sesm vising st Its iilcasuriv nnd ure ettUe^l annrf, ani projierly tlio tentaL-ulUp 
ur feeling tnstrunvents, nillcd b^jms us well as arnuc With timso they move 
timEuselves und likea loe guthtT in Umlr food 

Eteatdc 4 E tlicse, for tills lust puriwisy die great Crentor lias nlso given dih) 
creuture a strong uiiil peeullilr scent, which It can emit nt certuiu Llttjihs, and 
hy LLieans of which It bcgnll*^ niul draws ottier flsh to coiii« tn heniKS aimut 
It. Tld.-^ nnhncil has onothEu- strange proliertyp kDow'u by the eiperlciuio of n 
great iiiuny okl tlshcriJueiL They obiciro Ihut for aiontlia the km ken, 

or krabbeup La contitnmll;^ gating and In other months he alw^ays vohls his 
e^creaieiktA During this uvucuutlou the surface of the water is colonel wiEli 
tl]e eXCTetUent and appears quite tldck ami turbid. Tills muddlncss Is satii 
to lie t^o very uitregahle to the smell or tufite of other flaliL^ or to twitlu 
timt they spjtlier togethiT ftonj all tmrts to It and keep for tlmt purtw^se 
lilrceily aver the kraken. He then ois^na bhi arinup or horns, »eisieH nihl 
swniiuws Ids welc^mm iruests, and roaverts thaiu, after the due time, hy diges¬ 
tion, Into u Ijdilt for other lisb of die fiaiae kluiL I relate wliiit la nfllrniod 
liy many, but 1 ™n not give too certain m 5 rtaranccs of this partlenlar as I 
can of the cKbctgni'e of this snrprLKlng crenture, tliough I do not flml xiEiythhif; 
In It ahsolutely eouirary to uutunL As w’e vuu hardly oipoet an uptkirtunity' 
to examine tills emiriimuB si?a nidtaal uIItUp I ant the na>jno concmietl that 
m^KKly embraced ihut opportunity* whicli, according lo Use followUig account, 
once dll] afnl perliii|is never mure may offer of seeing entire when doaii The 
Hev, Mr. FtHn, i-oiuilstorial iLJHsi-,4f?tir, mlhlaler of Ikidmnn In Xordlund, and 
vicar of the eollege for pmmotltiK Chrhrtlan knowlod^. gjivo me at the latter 
end of East ycar^ w hen he w^na ut Bergen, this ^elatlo^^ which t deliver aguJn 
OP his credit 
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la tlM y^T laso a kraka iiwrhat^ a 3^atiEi|f aaU vjiraless oaa) rmn^ tnto ibe 
wiitpr that rim^ betwet^ri the mickis and dllb Ln the tmrtKb of 
though ihc ffeaer^l cmit*ln of that arwitiire U to keep iilwaya leoifucfl 

from Ukudr tberefone of cow nee thoy most die there. U hupi^wued tJiat 
Stja 4^iaiwfafl luof luim, or antontme, t%'^Jili;li ihU crealoro !>ttw+ Ui usv hko 
the anall—tn tumlnj; nbout—coiijtlit huld of ^imie m*®# winndhii; near thw 
water, which mlKht eiiKlIy luive been torn up by the ivota; but ibbs^ 

mi It WWW fowwd ikftwrwjtrdw, he blnkself Id imine openlnj^ or eleftw 

ia tlio roek, ttail therein Btuek so fawt, nad hunir m iiEiforruDutalyp tbiit he 
couli] not wiprk hlm^f out, hot perlshod unt\ tiutrlthd oh Ehe ^iiot. The 
cnrmJM, which wow n long while ilecBylDft and flUeil a m’cwt |ickrt of that 
ajirTOw chaDoelp Duido It almoeit ImtitiwHtble hy Its tutiilemhle wEi^hck 

T^et us now turn from these distorted and fanciful imsigcs to the 
animahi that aro respoiisihJc for thciu. Prof. A, E. Vcrrill, in bis 



Pill- 4 if the fftjuii flqiiiiL Iliili lULtunLl; sl»^ 

■m 

report on tUe ecpLalopods of the northeastern const of Amcricn, 
publi^ed in the annual report of the Commissioner of Fisii and 
Fisheries for 1879, tells us many intm^tin^ tbinj^ about the Aiueri' 
can members O'! the group. Among other things he presents n table 
on piigu 22 which gives measurements of the various giant squids 
that he liiid examined to date. The largest of these had a total 
length of 55 feet. The length of tlie tenlnciilar amis of tiiis speeU 
men are cited as 85 feet, while the length of the b(Kly from tip of 
tail to the base of tlie amw is gii'en as 20 feet. The gjeatest length 
of tentacular armn mentionetl in the table is 3“ and the greatest 
circumference of the body as 13 feet. The dianieter of tho liirgtHit 
sucker is given ns about 2M indies, and the breadth of the eyo 
opening is 7 by 9 inches. 
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PLA-ra 15. 



A Piece or S^ermi Whai^ Skin Rclating a Battle with a Giant SouJOj \h 
Such Eft Sc Aft Scai^^, 

it)- (pyin Tlw \}&^Lh3 ol tlw iKSr^u^ by Alurr-ii. IliB i'w. 
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Plate 16. 



A Figkt Bettweeh a Spehm Whale ano a Giant &qwi&. 
lij jiPnnfcspi^nj [witTlw t’fMiiE trf Mi* l.'jcJfcfllu?. liy FniJlk T, UuIIcd. i ca 
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In jinotlicr plu^^e Ue states: 


A specin^fc?n wixs founil alive Iti riUnlTow water at Go<inilifl Ccivo and eap- 
tnref!* i.'tiucemIiii 5 ihbn one J Been onJj? newsfmjser It h 

alatiHl tJiflt III? uiMjsareil lO ftH 5 t Id len^ti and was ncnrly lanje 

arnnEiit an ti liog^Ueflil” (10 to i:^ feel); Ua ra-o Inns tirim tut whu-h imly 
one reinEitnwl) were 4 li In lenjjtli ami ^£ls an a tiwn'!i wrii^t”! Ita 

short ormrt were fe*^E In lcni;ttli Imt tiHoiit 0 Iiielies in illametgr^ very stout 
liiid fltrutiit'": the aiiekera had a serrtiltHl eil^ 


Tlie tontaciilur arms of this spc<^iriien would linve Imd a spread 
of Si feet. But 1 iiave soinewliere seen niensureinents cited of 
s|)i£H:imen tlint carricii the e.^tcOififni beyond the 100-fool luftrk A 
splendid busls for Bcn-serpent yarns. We a^iin quote fron> Dr. 
Vemll: 


I UiLve theeii JiiCorwiCMi hj irniur ether tlKURriniJa tLrit “ Idj; wialdii/' na 

ihcj call tlis^jn, are iXTaJHlonully Mi ken on tlie llnmti Bulats nnd uiiieii for knlL 
Othi;n9 fftwtv tluLi they huve seen theai 


lu tliut riLi4;Leu wlihuiit helai? iihle tn 
uxiiUire thyiiu Ketitly nil the spoGi' 
nw'iw lilthei'io Biken ajiiaejir tu have 
Jieii'u ajure nf leew when flfat 

otisen'-Ml; nthorwlau they pniUiiiLily 
would net jipKnir nt OiO sarf3it,i& In 
the daytliiie, Funu the ftu-t ihnt they 
haii-e niwtJj ennie nslirire In the ntnht 
I Uifer tliMt they ndiatilt vhlefly tho 
very deep ami cthlil herds uf XcwfoniidLaiid 
to the 



i 


Xio, aitdfcrtt of the E^rtPt kioJiL U« 1 I 
aill vral mEhl 1-. I'haio Ipde Rnta^ ^ Fr^tn 
■bcitt flflD- 

and cuntc up to the piirface only 


Thai they may at timoa be a dunger to man b shown by the 
following stateinont iiviiidli we iptote from Dr, ^'crrills paper: 

Th<> following rttmrt la from n IcUcr 'OTilten liy thfl n<^r. Jf, mircy to l>F. 
.T, Vi. Onwson. nml rnWIslnJil In the SIontrMl (Iiswttc. February 28. 1S74: 
“Two Ibihcriitea w«hv out In a smnll punt on Ortober 2»li 1815, off PortUKul 
I’Vvvo, C^noeiillon Urty, olwut U nillw fnitu Wiilut Joliu'u. U1>»ri liig oowc object 
atmllbtt oil tlie wnter nl n oliort illBlnnre, ihiy towed townnl U, miniNwtng It to 
be u Intge iCHil or the iWbrlfl of n wTOiik. *>1 re.itJilni: H one of the luen olruok It 
with bio guff, when liuiuftKoiely it Bhowe4l nl^uu of Itfo, minpl a iinrrotlllte 
benk, w'bhih they dn-lnri? wps ' na big jio a (l-pilloii ke!;.' with which It otmek 
the tfoltouj ef the iKNit rtoltntly. It then shot «tit Irom alwnt It# hcnil two 
buite llvlil iLFiiiii ami to twitio thcio nrouinl tlia bout. One of the men 

selKtnl » (niioll IIS iim] awerv'd both arms os they lay oveJf the gunwale of the 
bool; whereupoB the aali in.wftl off nml tUact«l on Imnrto*. ganotlty of Inky 
Ilulrl. which iliiriccncti the water fur two or tlires huiulml yanlA The Men 
BnVT [t fur a rthort time nftenvnnla. J'lnl olwrveil Ita tnll In the olr. which they 
ileciiire wno 111 feot ncniiw. They cstitmitc the liody to I»ce been 61) fwi In 
length, r, Iti illftmctcr. of the same atape aM Color ii4< the cvtnninn 
nti-l they Iibseri.^ that Jt tuot^ In the onuw wny ns the squid. Iwth hnckwnnl 
iitui farwutil, 

“Ore of the onus which tbiT hmUKht ashore was BhfiirtmHitely .tMtfO(].'aI. 
ft6 Uitj- wi:fe Igaomut of Ita lm|iorion«; but the ctcrEJiaan of the t Ulnge ns- 
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Bun>9 me U wns 10 Incbca In aiametur aod 0 /it! Ln Tlie arm i™« 

brotiKht lo Saini John’s, hut not twfore 0 feet of I) n^re ileotroyed. For- 
tti&ntely, I henril of R onil twk nmnsarea to have tt iireserml. Mr. Mtifruy 
of too geolcfflcnl wnn.'or, nnd I afterwanlo exniitinotj It catofully, toiii U oho.' 
oRntphod, nml IhitncrBoJ In ulcoliol; It In now In our tiiumiuitL It titMonrcil lO 
/oH. Is of a jjnlo, pink color, ciitlrtJy cartllaifStinu*, loiii-li. ond pliant on lt*ntlii*r. 
nod HtmiR:*’ ' 

In ti letter ,U,ted Noi^lwr 27, «rF7. Mr. Hnrv^jr gives nn nrcemit of nnothor 
^ iiieii, which wni otrnmlod on the shore- nt Imiice Cove. Sinltlis Sound, 
Triiiliy ihu-, uhonl 20 fBrlhof tip the buy thnn Iht; locality t,t the CntiHlJW 
ny (No, 11). He reeelirml hla Inforirmtloa from Mr. Jnho D^^fet n 

I^dwt of the locnllty, who wns one of the ^ho foun.J ,md ineoaorerl 

1 .hH’ 2l. iSTT, early In the normlro;, 

n hl„ ^iild WRs seen on the beneh, «t Lim« Cove, still mirn tmtl Ktn»i»|fn|f 
desperately lofei*-«pe. It hnil latn borne Id 1i>- n ‘ (qirlng tkle' und a lilf-h In- 

to get off It plouBhed up n irench nr furrt.w abnnt 
T/ f «>''*"3e>Thie depth by the stream of wninr thnt It ejecte<l 
with great furre f,^ Its slphetL When the tide rweded It dle-L Mr. Duffet 
ineasurett It citrefitlty, and found that the iKwiy was nearly n feet lone fnn*. 
nhly incMidlng tia. lHmd.T; the tentntmlar ar^ SS "ni it ' lid nt 
tnpasnre the sliort urnw, hut estinuitei] them at tl riwi .n i »« , »i 
ttMich tlitrb.-r than a mans thigh *t ihelr l.nn«i. The p.»ple wt*the S 

J^hJ« OIlHJTwl™,. it reulil ensify hni^ l^n broDchl to St. 

Johns, Ttlth only the ryon destroyed at»I tlin Ixuly iiiietird." It uqs auhso. 
■innatly cmrrletl off hy the tUto, and no portion was i-curedT 

thitTtSrL^lJr^^J’*''^’ *'^1* O'Wnriisloti. I learn 

that In ttrtolter. 1S75, at. nnunual numtmr of ginnt snaids were found lloatinj’ 

nrr ,7 .;rr.r\rirt t ,r 

« a^ -11 30 , anil hetwo™ wcHt lonffitiide 40* 30' and 40* H>- fle betlovn.. 
Irtl, amr«r.af.w^ *r«l«-niw «K-ur.m hy the «ect frem OhHU««er, 
hh^ Tlirrj 'he v««els from mher 

i'«r miH use they 
^ Ciiitt Oolllcs wtat at that time in 

i^mmaiid «f the sehooiiiw i/o«.,rd. which aeciired five „f these giant saal,hL 
riiews wtTo mostly from ]0 to l.'5 feet lone iwit 4 ... ^ 

s’,:rr.i‘r'^ 

!r,.» " ■’ * '■■«• "■«■ “«'»» 

l-aujKls of cvdflslu Tim ereClij of the ASit JlhL i, . T 

aa tliat of the Ush. -Thla would Luiticate mure nJU.|y J'h^,I f r""^ 

of these ervatuPCM thnn ntiy of the mere eatiniatw tlfnt have t^n" T wtmh 
tmv ub^nntlj miirh tew All^wfnit for tlifr lini'lp- 

.teutreyed this aperlmcn wouhL prehnbly. hnre weighed 1 , 011 ”^ OW^liutST’' 
AiDOUg the iiii[nerous otlmr vi-hhi-I. that mere furtun,*- 1 / * i i . 

of belt OnpL Collins mentlom. the foUnwine; »^rlng this kind 
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ITmj fiflioooi'r reft j1 Otpt. Oaklf, took one or twou The Jfw- 

ji^ (Taj]t+ McLH>ujildt MKrurud on« tlmt hud Ilh nrmu nnd nns not dem), 

fio tlmt it wne hantooneiL £ts tentoiiilnr arms w-ore 3d feet Xun^ 

Tin^ jtchfMUfiei- Cupt Iklnllor^, sswured three Sti oise fiftemoofi. 

TficM^e were 3 to TZ /eet lon^n not Inclydinj; tite firriiK 

Tliese stfltemeJibi uro coofirmefl other Jkherroen. ,®omD of whom utAlc thnt 
the “bii? Hinld«^ were aI»o comiP^m ditrltip: the sume seajsoTi nt the ^^Flimitsb 
Ccip^^ II hnnk filltiated some dlsthnee portiieii^t from the Orniid Banka. 

The eaoifie of j?o icrent a mortuliEj^' eoRmK the&c Kivut Oeptmloijwia can only 
t>e eonjeotiired. It lutiy lui^e been ilue to rtotne dtaeajte epiOemk- oiuofi^ them, 
or t4> an ynuifaiil preTaleivnt! of deadly piiraaltea or other ermnien. It Is a-orih 
while, however, to recall the fart tiait theste amfi at about the aaine 

time, in nuEmnn, when vav^l of the Imve Imon foiioil capt nahore in 

>*ert founillaiit! In dliferent year& Tliia time imay^ jierhap!?. he Jutat suhaerjnent 
to thf-lp Heoaon fi-T rfirrodorllon, wli^a they would tie pto uitieh weahmeil aa to 
be more etif^lly overpowereil l?y puTEiait«9, ^ll^!^^^^Jie^ or other auriivanjible condb 
tlons. 

Astil^ from man tht sperm whale i« imEinubtecIly ihe greatest 
enemy possessed by these monstrous sniumla, for it is well known 
tliul parts of them are nsnuUy found in tho stemneh or are vomited 
by the sperm whale when the animnl is captured by whalers. We 
quote from The Depths of llifl Oceiin, by Sir John Murray and Dr. 
■Toban Hj'ort (pp. fl51~tt5l2): 

On ihe ir>th <5f Aupist th<‘ Mirlmrl ^nvM hirlTcii In ilafjortl nn the east 
rcni^t of In&Lanii. uiid visited the local whaling i^utron. On tlio slion? wore two 
fnwliSy euayht whales, ono u north-cnpor, tlw other a cadudDn liinpccttng 
the mcholot 1 mw aronml Itg enortnoiui Jui-vfl Eeverul lonjr pnrnlTel ison- 

slHtlnj;. a» clnwor flirrmluy revealedn i>f prnt Btijubcm of d renin r fH'ura or 
li'onnds atx>ut mni. In diameter. IL occurred to mo thnt thew scars must 
have been left by tho sucheri of n uhiut aquhh and fetlowlug np this Idea I 
fouTkEl In the whulo's month a piece of n mtuld tontncle 17 cm, lu maztlmnin 
diameter. In tlae stonuidi of tin? whale many n(;uld-heahji of varinna als!®s 
■were found* the lurpist meujmrtnK 0 cm. In icnjfth, hcsldea acme firth bones* 
utid the nmn -HTbo hml ahot the vvlinle told me that in Its death Hurr^' It dls- 
gorj;ei1 the arm of n Kiuld 6 meters looff. 

Our ilUistrutioD (pi. 15) ^hows tlio etic^er scufa in tliu Hkin. 

All ent'cunter between n sperm whnie and giant squid is di'scriljcd 
in Frank T, Etilkn^a book on The Cruise of the Cachalot^ from which 
U S quote (pp. 143-144). 

At nhont 11 nir I w^aa leantn^ owr the lee rail* i^lnfr sleadlly at tho 
hrL|;lit i^arfnce of ilin sen. where the intini!^ radiance of tho tnepical moon made 
a bromt irnth Hke a pavemtait uf hyml^hoil hIIvpt. El>"rs that saw not. futml 
only confuacdly consclDus of jny summudln^^ were mine; but fraihlenly I 
stnrtefl to my feet with an rzcclamatloti, anil stared nilh 0.11 my might d: 
Uie strangoBt sight I ever siaw. There was a violent commotion In the sea 
rlglkt ■where the nniHin'a rnya were eoneentroinil, bo great that, rememhoring 
nur pn«itif?n^ 1 was at flrnt Inrltned to id arm all hands; for 1 had often heanl 
of volennlc Islands auddealy Jlftiug their heads from the defsllm below, nr dls^ 
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tippoaflai; In n ijKiin&Dt, onnl. wltli Buuiutnt'B chnln of volcimoet^ bo ncnr, 

I foSt ttcpulitrul Inilteti of -yilidi wab now tmpi^nlii#^ G^Cittine tlio nJpht e^assefi 
ont of the cobUi where tliej were ulwujTrt tnuig Ln retiiUii.£h&^p 1 fttcussnl 

thpm wi th^ trijuhlwl Aiitit* perfectly' fiHtlBfliia by a Bhort exnmiuaUoD that 
neither volenno nor etirfhfpiake ImH iinythlnf^ to Jo with tvlifll woa eoKng on ; yet 
m ^TSiit vr^re the forces etifpigeU thnt I might well hove been ejreneeij for loy flrat 
truppO^dtlQiL A vorr lorge Kperm wlmle woa locrheJ In deadly eoDhict wltli n 
cruitSe-flKli^ or spiiuld, nlrmwt oh large OA himself, whose iDtermliuible tcatncEro 
fteemeil lo enlace the whole of his greot bchty* The hoitd of the wbtilo ohtwv 
elolly iwomwl ft perfert network of ^^Tlt-hlog ormj^ufttutallyi I for It 

ft|ipf>ftred as If the whalo hod lUv tail iiurt of the tiuilluiic in hht omit lo 
n htirilni- 5 ^iilll 2 i-\ niifthoilSciil way, was sawing through IL By the aide of tlie 
liVaek columimr iif*iid of Mie wlude appcuired ilie head of the great equid. as 
Dwful an db^^t ah one couiti well Imnglne even In n fevered drenm. iuilglog 
ns ccirefiilly iw possible, I twtlnmtoil It to he at leoat aw liug.^ m one of our 
pltw^, which cnfttftinetl JiTifl iftdloiisr but It may ha^■e been^ mid prohubly w cu% 
rt 0^1 ilettl Itirgcr. The eyea were very reiuarkuhtG fruns Iholr alie and black. 

wlili'hj eofttnmted witli the Llvli! whUencaa of die huailp made tholr 
peftram-o all the more Mtrltlflg^ They wm> at Uwt a font Ih diameter^ atnJ 
M-i'-a uiater sdeh rfHitlllioaa loi^ktHii ili^t-ldoilty uorlfl nhd hobiaibilndlhe. All 
nronnil the roiiibntnntM ntiniertms sharks, like Jiiekiils around a. lion, 

reaily to erliitre the fetiNt aiftl npiiurontly aaa«lftthag in the fl(?stnictIon of the 
. huge i‘epbfttD|Mril, So lha tltanle iitmggle wenfc on In perfect alienee im far iia 
we vnTe «iheermsl, lnwause, eviti hud tln?re been any riolrie, our {llstouee from 
the secne of wnflSct would not have pcrtnlttcd ua to hear It. 

It 15 quite possible limt the niiimal obfierved wns an octopus^ which 
would better fit the geqi^niphical position of the conflict than the 
iic^iiid- Such ft fight is depicted in chapter 11, The Aiitebio^raphy 
of a Spemi WTialci Frank T. Bullen’s “ Denizens of tfie Deep,'^ from 
whkli ^0 have taken plate IT* 

It probable* from vurlotift olwarratlotajH tbnt this and the other speclos of 
tupilils are partially mKHiirrial In their bahltsL or at leant are more active Lu 
the night ihan In the day. Thw® diat are iraught Ln the poumla ami welru 
meetly enter In the night; evld«*3itly while awlmmlng alouK the shores lii! 
“ Tliey are of ton fouail in the iia>rnlnf; Rlriuiilad on the bcaeUe^ in 

ipamrn^ miuiberft, esiK^lally when them la a full moon, nod It Is thnuglit by 
iiinny of the ttshermen that this Is lii4>caas&, llk« many other nnetiirrnl anlninUr, 
diey have the bahlt of turning townnl find casing nl a bright Ilirhr, nud slnre 
they swlTO hnclcwards they pet nahore on the beaches opp^lte the i^lllon 
of the mnoii. Tills habit Ir also scnneriu}^ taken advantage of by the fhsTicr- 
mco, who eupture them for halt for end fish: they pa out In dark nlphls w-ldi 
forclies In their hoalw and hy advaftcltip alowly towan) n beach driro them 
sRbiire. 

Tlifit CepliftlopwJu furiiiflhed nn atti'actiTe bait for fish was known 
to tlie ancients, for Aristotle tells ns: 

For this ifeoitoii flahemwn roast Iho tlesliy ]inrls r>T the rnttl^'flub pnij nae ft 

iiait !>o nreount of Us niaeJl. for Hull lire [Kwaltiinj attnicti*el by It; tliey also 
l.nl:e ih* oetiiliua nniS IniH ffsTi ImsketH rr weels wltli It ns they 

Bay* oh nccftuni uf Ita ftincll. 


Smi'thion'iin Riporl, 19ld.—^grlKh, 


PLATE 17, 



A dATTLE Between a Sperm Wkali awd a Giant OctopuSi. 
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Our American cod dsherDieti will thoroughly agree with him^ but 
they will jsrty that baking or roostmg is not essentia^ tbit lilting 
even will do, I^et us ([note again from Sitnmonds’s Commercial 
I'roducts of the Sea: 

Tile tiquklii form an ImporLfuit L-lement La the Nurtli Aiuerktin Ibfherld^ Tlie 
nKiiTuon LvlSgri La ilir fm-orlte fwJ of the lhmI, limj hi thervforo StK 4 -lr 
for tttilt. One^lsjilf of nIJ the eotl taken an tla^ hanha of ^rewrouniUaail are snIU 
lu Ik? niu^'ht hy Et. Wlicii the vast shoaLi of this niothiplf ikppmaeH tlie cuant 
JiumirvfEs of vejisela are roncly to varturo theuiK funiiEni; an oxtom^tvfl entile 
Ushery, fj(» riiU of Fretith. Knellsh, miU AmerLcna sLilp^ Ehirlog 

violent galeti of ifl,lnd huadreOs of tojis of them an? often thrau-n ap together 
la beda on Dm iUii tK?ac.hcs« the tloewy of whiob spneails na iDtoIenible eLtluvEum 
nrouniL They muni themselvoa t»e n^nsunicd tu onofmaua atiiEilH?ra, for Jt hiiij 
tiL-vii that a slngto ^5qtlhI witl lay tn one season 40pO00 

A recent mquirv at tha Bureau of FbJjeries yielded tlte statement 
that about 3,000,000 pounds were captured annually, estimated to 
have a value of about $43,500. Sisty-six per cent are caught in traps 
ill moss chiefly about Capa Cod, though many are obtained in the 
same manner all the way from Maine to Maryland. Considerable 
quantities also are obtained by American fishing vessels on the coasts 
of Canada and Jfewfountiland. 'niesc are not noted in the above 
statistics. To a considerable extent in foruier times, but only to a 
limited ^tent recently, squids have been caught by means of jigs, 
a collection of hooks arranged in circular form along a central 
weight. Jigs are dangled in the water at the end of shoit lines and 
attract the s(|uids which are caught when they attempt to seize them. 

On our west coast squids are caught for fixa] purposes, being 
chiefly used by the Oriental element of the population. All through 
the south was, the Philippines, and Japan, as well as the adjacent 
mainland countries, one may see split and dried cultletish hung in 
the stores and offered for sale ns an clement of protoid food. In the 
Mediterranean countries, where they are also used us food, they are 
usually pickled. Nor is the flesh the only element of commercial 
value, for the cuttlefish bone fonns quite un element of ctimmerce. 
It is not only used as an adjunct to the cuneiy’s cage, but in powdered 
form has served as a fine polishing powder, a fine dentifrice, and an 
ingredient of medicine. The ladies of ancient days knew it also, for 
tlie.v were accustomed to u.se the burned product, known to them 
ns pearl powder, as an aid to complexion. In later days this was 
even improved upon by the addition of a bit of carmine to form the 
sO'called French rouge. SepLi and India ink have l>een already 
referred to and need no further mention here. 

We will close otir sketch vrith some extracts from a charming ar¬ 
ticle, “First Photographs Ever Made of a Paper Nautilus,^ ptib- 
7883t>*—BM inm-25 
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limbed by Charles Frederick Holder^ in Volume Id, No. 4^ lfK)S), of 
Country Life ia America, which gives one a glimpse of the marvelous 
beauty of some of th^ pirates of tho deep. 

Tlie term peper imutiliiH nuSEeats itu> lialnty fftmeiure to wLlcli the nnlm4] 
Uves at tlmea—u IdvolMlwI. vasc-lIke object, Jlute^t am! cpiidh 

tJiA? kvel or alinrp, liavifig OouhTe poluti^ whllo nil over tlie iTilcinwus »oti 
pearly Bhell uru ilecp irrai^ffQl and limnchefl raillattonR The j?eDeroJ cwlor \3 
u Oellcote Evny. the opening In tbe slite of niicre^ bravUy c^Hltwl, in flhEirp cbh- 
trast to thi! horny tranfilticpiit shell paper. Tlie heel Is tinted a rich tnwm 
that often fixtemls an Inch or two up tkie side of the abelh which may he 2 
or 8 or D tncheH itcroas. The shell Lb not to be eompared with the ordltinry 
coYerlng of molInrtLs, as It Ih not esseottnJ to tho cinlmaL: U In only a flnltlty 
object havlni^ the shape of o ahelL fonned by the mdaial for the proteetlno of 
Its eggs. It he ttum. a nest and la no woy connected with the anlninl, m In 
[he caj!»e of the [searly nan 111119, where the aatnuil forma partitions os It gvowB 
aud iB cf^nneeled with Uiem all hy a fleahy [khIIcIo or coni, The pniK^r nautitUB 
can dart oui of its fairy ahlp at a second's notice. 

Glnncine Into llie shell we may sec u yellow bunch of miniature gTnp«i 
huni^ng from the Interior wall—the eggs—and perehed la front of them la 
the nrgoEiaut, looMng wxy much like an octopus or devil halt. From tlin iiuuihor 
of empty sheltB found itpoia :Santa Qituliiia beaches In winter nud Eiiuuuer It 
might bo asHiimrfd that the argonunt deserts tlie Mhiilt nt tlmea au<i Uve-* a 
roving, octopiialike life. 

Id nppeanince It Is one of the most beautiful of all nnlnutlB as It rents In Its 
eheU, tnaiihUmr with color, as waves of roae^ yellow, giceiu violet* arnl ah limn 
of brown are coutlnunlly sweeping over It; now Irlsed in tboioost delicatetie 
of bluet DOW t»rEiwii or green, dmnglng to rose, vivid scarlet* or tnnllcn stiver. 
5^0 st^fwdthe Is It that iwery convulBlre niovcmeut of tho mantle nt my paper 
tbautUus 111 tnklng water to breathe and forcing It out of the siphon caused a 
wave of color lo pass over tho entire hotly* \Vhon the water was taken In the 
color eeha centracteil, ienvlng It pnlo for a frnctlon of n second; w^hen It was 
forreil out they evidently redoxotl and tb& entire uurfnee w’os aufTused with 
color to diRuppeis^ as aulekly, giving a contlnuouB beat-lightnitig elTecL 

rtf the three tlvlag »|tot'liiienv that 1 have kept In eoahnement on* was 4 or 
ft Inehea loag, another 8 or 0, The sniaU one was eitreinely acth-e^ leaving 
its ahell to crawl oboot its prison and darting back with great uglllty. illrectlng 
Ha funnel buclfW'jarsl at the cluster of oers hanging In the Interior of tho HheTI, 
alwa>:f^ praying the iniAtt ussIduouA attcntloa to them to prevent the IdleoibIoq 
of nliy inunifEltv or enemy. 

It ivould recline tvgnlmFt the wec^l^overeil rock w'BtchIng mo or eyeing my 
hand ns it moved about, blushing, millnR, dl^ijiylng roiimrkalile iH!nslUveiies9, 
nnd when t touched the ihell would protest by pumping violently, ahfmffng 
the Bhcll hackwiLTd ami. If I held on, aiming tho siphon nt my Imud uml pump¬ 
ing water nt It* mi occasion filling the vTitor wlih no extmonilniiry vollej- 
Of cloud of Itik, But lardlimrilr tMs afgoimat did rmt resent my frMolly ad¬ 
vances and when touch^l It wxpald twlia? im tcniaclns about my fltigcrs^ huirf 
them cloeudy, and riw partly ffoin the nhelf, the big black nnd bLIvot starliag 
eye evidently wntcliing every movernreiLt 

Xho speed with which the arsonnut could move backward. propclIiKl by Its 
Blphon, WHS remarkable w^beti seiai from tlie side, hut wlijm it was obserreU 
ftotn behind it was seeo to he n perfect mclrig machine^ flm nbarp kiojl of 
the shell covered by the extruordlUiiry vdsmontous anus pri^-aentod a perfectly 
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t. The Argomaut ano Her Tjbb Case.. 

Ffwsi FLm rhoEdiTnapKtf E-vcr Itadoolii KatitlliLv." by F- HoMtTh C-oCL&lo' LUTO 

III FfbnJafj-^ iiAB'. 



2. A Fish Trap on the Cap£ Coo Coast, in which la^qe Numbere of Squid are 

Caudht. 

Frwut'' Kui^ lieirii^i An A<^inlL vf ili« Wc^rld'v SIwl ViihlaTi|i» FWip I#j Uu^h feteJlh. 
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BmooUi ami Ihe sll^btefft current frow Uie slptun wits ntifllcleiitt lo 

It ai<ms^ thti! eatlm nnifiuii bedng com^etUed, tlu^ tcutndnn not tTAllltiir 
bchlml, oA often Vtiwa the argonnut left Uio sltoU ft crawled i^KHJt 

in tte poalden of ttti cMjtoinw:, tooutli dowup but wbeu In Uio *boll ita fnvorlte 
rKKdtfoa npparently vMUs wfUi Jin tnoiith pointing dLrecUy ufiwimJp tiie two 
domnl or upper unns thrown tuLck, or ft wiHtfd fuaten Ifseilf to the sli^m of the 
tnnk by the two largo arms and greduaily oittaiqcj them until they wore as 
Inrpo ns the abell Itself, prewntlng u rippling ulmiuuintio hluo on the outer 
side and frldoBcetd ftofded liUwer on the ether. 





THE ECONOMIC IMPORTANCE OF THE DIATOMS. 


By Aijmtr 


[With e liTiiten.! 

Scientific study is constuntly giving emphnsis to tlic fuct that in 
nature th^jre is little^ if any, reiationship between size and impor¬ 
tance. Charles Du rwin long ago made it plain that among the m 3 Tiad 
of living creotures tlie earthwonn play*t a very important rule in the 
economy of nattire, espeemlly as applied to mankind, and is in fact 
a greater aiiinial tlian the elephant. The lowly grass out weighs in 
importanee tlie loftie^>t tree of the forest- A brilliant serieft of dis¬ 
coveries led by Pasteur has revealed to ue that the most gignntio 
power, in some cases beneficentj in others baleful, is exercised by 
the Djimitest of all living things, the bacteria. It is, thereforci not 
to be wondered at that the plants here under consideration, althongh 
as a cliu® finite invisible to the naked eyet and many of them so 
minute that a hundred can be laid upon tlio head of a common pin, 
are nt the same time of great eeonomie importance. 

But for a long time the attention of mankind was diverted from 
the ntore practical vnluefl that vve are here to consider by that most 
striking characteristic of these plants, their surprising beauty and 
the uneqiialecl complexity of their ornamentation. Coupled with 
their mintiteuess there is a daintiness of structure and an ariisdc 
diversity of design among the six thousand and odd species which 
haa doubtless been the cause why until recent times they have been 
objects of merely esthetic iutere^. They have never been neglected, 
for from the time of the invention of the microscope they have been 
the darlings of the microseopists; but only to-day are they begin- 
uing to be recognized as an important factor in the welfare of the 
* human race. 

Each cliatoni plant secretes for itself nn incasing ho% or invest¬ 
ment of pure silica, somewhat sg a c!am or oj^ster secretes shell ; 
and these crystalline wnlb^, within which the tiny living plant is 
housed, are sculptured and carved with such bewildering complexity 
uf design and yet with such ijerfertion of finish that theJr attrac¬ 
tiveness has absorbed the attention of students to the detriment of 
their many less spectacular quBJitie& 

tm 
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Only one practical us* host Usjn fleveloped from tliis estlietic study 
of the diatom^^ they have ti«n long racognlaed aa the most accurate 
and satisfactory test objects for determining the perfection of micro¬ 
scopic lenses and accessories, the ability of any microscope to render 
visible the fine lace ornamentatiort which overepreade some of the 
Species being tlic best indent of its optical excellence. As a conse¬ 
quence of this, all microacopcs are to-duy tested' with one or both of 
two species of diatoms, PhuToai^ma diufultitma^ or Amphipleitm 
peU^utidat 

One of the oldest of the cronnniic iisce of diatoms lias !>ecn tliut 
of employing fossil diatom earth ns n polishing powder, csiwciiilly 
in metal work. These organ Urns appealed geologically alioiit the 
middle of tlie C'TctacwiUs rwriod, and although, therefoi-e, jonong 
the later of the now existing foims of plant life, their prolific; multi¬ 
plication has resulted, during former periods of time, in the fcTma- 
tion of enormous fossil beds composed of the jdljra I'emaitts of these 
minute aejuntic plants. Such beds aro found all over tho world, 
fiunuvis deposits being located at LimeLurg, Germany; llilln, Bo¬ 
hemia; Sendai, Japan; Ananino, Russia; naimini, New Zealand; 
Moron, .Spain; Keene, N, H.; Nottingham, MiL; the coast of Cali¬ 
fornia, and many other places of minor unpnrUvnce. The first wn- 
niderabla fossil deposit of diatomaceous earth used was confused 
with A polishing material called “ ratlenstone,” minetl at Tripoli, in 
Africa, and it was tlierefore referrsd to in comraerce by the same 
name, “Tripoli powder ” and is in fact so gold in drug stores at tlio 
present tinw. Its high abrasive value conies from the fact that the 
material, silica, has n high degree of hurdncfs and tlie grain of the 
diatom powder is so fme as to produce as a polish the highest luster. 
Its extreme fineness of texture is shown hy u computation made by 
Ehmiberg, that in I cubic int-h of the Bifm lUutom earth there are 
40J)00,0(K) individuals. 

This abrasive quality of tiie diatoms has led to their use for other 
purposes tluin metal polishing, as for example, for tooth powder. 
One of the widely advertised tooth powder preparations ut>on the 
market is cotnpo^ entirely of diatoniaceous earth. It can not Ll 
said that this is fl good material for the purpose, as the cutting 
quality of this siliceous substance is too great to be used coustantlv 
upon the thin layer of enamel of the teeth. It is, however, interest¬ 
ing to think that many of the uficrs of this diatom dentifrice would 
be amazed if they could see the thousands of exquisite gein-like organ- 
ians lying upon their toi^tli brusli and useii os a toilet preparation. 

jVs a curious infitance of perverted use, it might be well here to 
diention tlie fact that diatomsceous earth was at one time extensively 
eaten by the impoverished and Imlf-Btnn'ed tribes inhabiting the 
remoter ivortions of eastern Europe and Asia. Generally the diatom 
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earth waji ini.^ed with flour, aud although tlie nutritive value of tliis 
nddOil subsitiince b [irnvtidallj nothing, the advantage of its ui^e waa 
an actual one; becaiisci when tlie normal requirement, of llie human 
stomach for a ^equine meal” is a quart, md tlie avaikblo flour for 
tliQt meal is a half pint, the imfoTtunate consumer gets at least tlm 
semblance of a full dinner adding to hb Umd supply thim time^ 
its %olumo of bonnlesa and inert matter- This b probably the es- 
pbnatioii of ihc custom of those tribes known na the eailh eaters.” 

A niimljor of years ago and shortly after the inventiuri of nitro- 
glvecrinc, the diatom!^ qamo into an economic uho of great importance, 
naincly, the nnmufactura of dynamite. This sul^tance, ao great 
a blessing niid a curse In nmnkind, b c^utially notliing but nitro¬ 
glycerine absorbed into tlie cavities of dried diatom eartln An eaeli 
diatom plant is a microscopically ainfiU silica Ih>x, the w^alb of wliicli 
ore perforated witli intem^ely ininute openings, tlie diatom earth 
serves to isoluto tiny particles of nitroglyccrhio in such a way as to 
render the liquid pmcticallj a ^hd and at tbe same time to obviate 
iho dangerous quality of free nitroglycerine of e^^ploding by means 
of $;hock and at low temperatures. Tonlay, aUlmugh diatom eiccous 
earth is u^d to a considcrabie c^itent as an element in nitroglvt^rme 
e^^plosives, it bus Ijeen somewhat ix^placed by other substaneea, us for 
cjEanipte, w^ood mciiL 

If the meaning of the word economic is not |i>o rigidly taken 
and may include our increased facility in certain lines of ^sscarc^^ it 
is proper to- mention among the economic iLses of these jilauts their 
value jn the determinatiuu of certiiin problems of oceflliogrn|ih3'i 
especially in the determination of the dlrct^tioa and the extent of 
Lha great oceitn currenfe* Those familiar with this phase of research 
are aware of the great dtlliciiltiGs attendant upon the acem-ate meas¬ 
urement of the extent and speed of an ocean current, due to tbe fact 
that the vc^I from which such observations have to bo made it^ it^^elf 
a drifting object, acted upon by the current in question, iis well as 
by tbe wind and other forces; diflic silt to cinnpnte. Could the sliip 
Iks anchored, this distidvantage would vaiiisli| but inasmuch os tliis 
[shtise of oceanographic research ia carried on m the deep eea^Sj 
onchuring is not practicable- These orgaoLsitis, on account of tbeir 
peculiar structure, composition, and aise, lend tlieiuselves perfectly 
to studies of this kind- It Is perhaps safe to say that they are the 
only organ isms which meet fully the requiretoents, LScing com¬ 
posed in part of an mdcstruetible substance, they do not suffer tlie 
rapid decay of iimay of tlic microscopic organiimis of the sea^ This 
ia ecfually tnie of other marine orgtmisins ineasod in siLka; hut none 
of these have a sefcond chRraeteristic of the diatoms which 1 $ of equei 
importance, namely, a miiiutenesi^ of size sulUcieiiit to etiable them to 
bo carried hundreds or thousands of miles by oceen currents^ Such 
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ntiimal denizei^ of the sea as the Badtelaria are as inintottal as to 
their silica encascpienta as are the diatoms; but Uieir larger bulk 
and more massive toiistruction precipitates them to tlie bottom, while 
the diatoms are held in Bilspeasioii like the finest dust for an indefi¬ 
nite distance* When we ndd to these two cpialitics a third one, the 
large number of well-defined species, differing in kind according to 
the parts of tlie world in which they are found, wo see tliat the pres¬ 
ence of tliesa organisms in an ocean current, even thousands of miles 
from land, will often indicate the direction, the extent, and to some 
degree the speed of tlie current by which they are borne along. It 
should be here stated as u factor in this problem that the diatom tiora 
of any part of tlie world is always peculiar to that locality, just as 
the land flora varies at different latitudes and on the different con¬ 
tinents. Thus we have a north and south arctic, a north and south 
temperate, and a torrid diatom flora, which are b strong contrast to 
each otlier aiid which, wherever met with, indicate the place of their 
origin. In the same way the fresh-water forms, which are poured 
in large quantities into the sea by the rivers, are still more distinctive, 
and each section of the coast of our continent has at least some of 
these plants to be found nowhere else upon the earth. 

The student of these minute plants is constantly made aware of 
this sharp distinction of the diatom flora of one part of the world 
from that of the ticst. Let us take some examples: A recent study of 
some living material from the Hawaiian Islands yielded a large and 
elahomtcly ornamented diatom, Biddutpid<t imp«rMis^ and search 
through diatom literature revealed this in an. obscure monograph, 
where it was rcHiordcil that it also had been found “ at the Sandwncli 
lotuntla*'* Doubtless the locality of the original specimen was prac- 
t ically that of the one later found. Another species w'as named by a 
Philadelphia diatoinist as having been found in a gathering at Mag¬ 
dalena Bay, Ijower California, and marked as “very rare.” The 
writer subsequently found it to be very plentiful in a ciredging of 
the U. S. S. Alhatroif^ and, by comparison with tlie re<y>rd of the 
original discovery, H was shown tliat the two localities were within 
a mile of each odicr* The writer named a new species discovered in 
the Aretio Sea, and subsequently, in a study of tlie dust collected in 
packets on the ice floes of the Arctic, this diatom was rediscovered; 
nod on compariKin it was found that the latitude and longitude of 
the two were practically identical. Material secured by the Smith¬ 
sonian Institution adjacent to the o^ienings of the Panama Canal and 
prenous to its completion has yielded a great many remarkablo 
forms.. A rare species known as Plffuroti^ma occurs 

tthundantly in one of the gatherings, ^is was previously reported 
by Prof- fininow, of Vienna, os occurring along the coin.st of Brazil; 
that is to say, it is a cua^al, middle Atlantic diatom* An even more 
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Hire form known as Camp^lont^lm vcm recently rediscovered 

in aiL irrigifttion ditch leading fmm the Everglade^ in Florida^ It 
fu^ found by Mr. 51iadbolt| of Englandi on some mahogany log^ 
idiip|>ed to London from the stiorvs of HonduniSi in other words, it 
in u Chill of ]!klexieo diatom^ 

An argilmontj and doubtless a valid oiiCj to support the theory of 
ProL Nansen that a current pa^es northward from the Bering 
Stndt across tlie north polar regiem and southward along the western 
sliureu of Norway is based u|K>n the fact that the diatom Horn of 
Bering Sea was found by ProL N&nsen to be sitignlarly mmilar to 
tlmt nf Giieenland and the Norwegian eoast^, ibereby mdicating a con¬ 
nect ion between tliese apparently remote localities. From such ex¬ 
amples Oil the foregoing it is reasonable to believe that wdien the nor¬ 
mal ciiatoui floras of the dillerent seas have been investigated and the 
local diatom donis of the shallower waters, and especially of the 
rivers of tiio hind, shall bo known, we can tell by samples taken at re¬ 
mote points of the ocean tlie parts of the earth traversed by the cur- 
rt;nt in which itre found the specimens in question. In this same way 
a problem of no little importance to ocean travel becomes one of easy 
an{l certain solution, namely, the area of contact between the cold 
Arctic water of the north and die warm waters of tlie Gull Stream off 
the coast of Newfoimdland, this contact being the cauE^c of the dan¬ 
gerous fogs prevalent in that locality ; for a sampk of sea water 
taken anyw'hero in that neighborhooiI must reveal at once to a diatom 
e.vpcrt whether the water came southw^anl from the Aretic\ or north- 
want on the current of the Gulf Strenin, or is a blending of the tw'o. 

A considenition of the economic value of the diatoms requirea 
mention of some minor The large diatom [jcds of the western 

part of the United States, and isi>ecially those along the Pacific coast, 
where tJiere are clilFs several hundred feet in height almost wholly 
made of this materiaU are coming to be of commercial value because 
of the use of this substance os a substitute for asbestos or in combi¬ 
nation with asbestos as a nonconducting coating for steam pi lies, as 
fl filler for nefrigeratoi-s; and for many other iiaea where a noneoni- 
buBtible material is needed. Fossil diatom deposits are also of value 
to the art c)f pottery nmkliig, being combined w ith various other In¬ 
gredients in the composition of ccrtaiii grades of porcelains anti 
glass- 

There has recently come into notice anotlier use for diatomaceoiis 
cailh which bids fair to become of considerable value to medical 
scien<je Tlie material b compressed into filters in the shape of 
hollow cylinders or plates to bo used for the filtration of senims, 
toxins, and other sterile liquids of service in the modern treatment 
of diseases. The ixiroeity and extreme fineness> of this material^ 
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ooupleil ti illi its resist mice to the flctiDn of acids and m^i solvents, 
renders it peculiarly vretl sultwl for this purpose. 

A rather baleful use, at one lime more extensiA'e thiiii at present^ 
llianks til our pure food laws, and reminding us of the ^ earth 
eaters'- predoudj inentimiedj was the employment of diatom earth 
m an adulterant of candies, A large dintomaeeoiia earth deposit 
in the eastern United States? whieli formerly did a thriving Utis^’mcssr 
along thb line has been practically ahi^ndoued at tho present time, 
be 4 .^use eertain candy manufacturers tv ho nsetl thk substance have 
Wn compel Uni to resort to other means for chpiipening their prod¬ 
uct It ia only to be hoped that the siihstitute, whatever it is, is as 
little harmful to the cousuiiier ns was the cliiitom material. 

It seems right to revert to the artistic licauty of those minute 
organisiuK, luentioned at the opening of this article., because their 
economic ittipoHance should not exchide their praeticnl value to the 
arts in the iiinUer of desigmi. Tlmso who lire familinr with these 
organisms find their great beauty ennsrisfts not only in the delicate 
and complex tracery of their sirrfacea, siirpEisslng in this respect tho 
most ingenious aniliesques of the but in the syninicLry and 

great iliversity of form and outline displayed by the members of lliia 
group* Xcarly every symmetrical figure possible to curves and 
straight lines ia reprosen ted in the diatoms. Elongated forms of 
p-aceful sigmoid strncturp_% like Ilngarth^'s line of heanty? thin 
crestNjiits, like the face of the new moon^ triangles, rigidly exaidi or 
varied by uM gruduntions in ilie curvature or undulations of their 
siile^a and by (Jic blunted or keenly sliarpened chameter of their 
spindles nnd olUpRiea of eveiy variety of brvaidth and enn- 
vexitv^; squares: double squares; ±cia(w, from five to t^venty pointeil; 
circles^ so accurate in their periphery as to correct the errors of the 
most perfei't mathematical instriinients; »nd eoiiibinations of these 
fandainental figures are to be seen m great abundance. Tt comes 
about from th(?se qualities that the diatoms have a suggestiveness 
in the matter of design that should render them of great value to 
<‘ertaLn kinds of tho tuechanicLd arts. Jewelers, though they might 
well despair of copying tho elabomte perfection of some of these 
forms, could doubtless obtain useful suggestions for new figures m 
ornamentation. 3ilanufttctun?ri& of articles of artistic quality, such 
0 ^ laceg, wall papers, printed fabrics, oilelntha, etc,, hiivc ready- 
made in this gallery of art. the difttom flora, mw and 1 setter ideas 
in designings and, althongh the dilficulty of obtaining and pre¬ 
paring diatom material fer esamrantion will limit tbeir use in this 
field to Bome extent, tho expen?^ and toil of studying these objects 
would in many cases be well repaid* 

At tho risk of stretching a little the legitimate meaning of the title 
of this article, I wish to mention an dement of imtiortunce connected 
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with th< 3 sc orgujiiaiiiia^ namely the value tliey have in throwing light 
upon a study of the dillexences between objects wLiich are the prodntrt 
of men? mechanical eonstrudion and thotie the eonstriiction of which 
is coordmotci] with life. There are two thing,^ to Ih? saiil in regai‘<] 
to the omamentatioji of thesia planb?, Firstt there is a i>erfection at¬ 
tained that bei^5ientially absolute, and yet not m scn ilelj exact to the 
lyjw a^ to preclude the marics of individiiaiEly in ciic"h sepantte plant. 
Ttike it diatom^ upon the s^urfaco of which arc found liimdrc^ls 
of glittering iiendsphericid hesJA, *ind a careful examinetinn with 
the Jinei?t optical appamttss will di?^vcr no trace of cnulity or 
irregularity in these hemispheres, cadi one heing ysiJlsheil w^ith a 
perfection and curved ivith nri acciinicy that is absolute ? and yet it 
would be liard to fiml two individuttls with tlie sajne numlier of lieaibc 
i\jiiong the thousands of these organisms that can be found in a 
s[xifinfid of iKiZQ dredgctl from the bottom of the sen and extending 
for thotLsands of miles beneatli ils watei's, eacb si^piLmti" form ivill 
show the same aillierenre to its tJic same perfection in its work¬ 
manship, but the same uiiiiiiistakablc mdiviiluulity. Thi^ h not 
mere mechanical accumey, but an accuracy associateil In some un¬ 
known way with the qtmlitics of that ma.ster builder w^ithin each 
ctdh cytoplasm* The di-4iiiction here insistei] on is preehiely that 
Ikrtweim the flight of a bullet and tbe fiiglit of a bird. It is well illus¬ 
trated by llie coutraat to lx? in two uf the rtccoiiipanying illiiatra- 
tiiins; the Kcnipture of ih^ living organism licing shown in tlic figniic 
of A^itrlreUa haMJfkH copied from a pliotugrapb of that diatom, while 
the sculpture rep resen led in the figure of a verj- similar diatiun, 
is a mechanically drawn Counterfeit. How- this 
living, almost formless jolly, plitys the Kile of a jJCcrloBS artificer it 
ivtill r(imains for science to discoveiv 

The other point in a study uf the structure nf these organkma is 
that tlio principles of dofiign are siii generis atid not at all a^x^iated 
witlj tlie suljstaiicc of which they are composed. Silica* like all other 
tninertil muttorf has its defiiiiite lim^s iintl angles of crystallixationi so 
that a particle from one part of the world Ills w ith infinite nicety 
into a particle from any other pait of tlie WTjrld. But this silica is 
lYoven on tho loom^ of the diatoms into fabrics tlie meoli of which 
fiiuy be ono of many tboosand pattems, and no principle of enn-es nnd 
no combination of lines known to geomelTi'' co^^t^'^^>o^d in the slightest 
degree to those found in the omamentiition of these plants. For ex¬ 
ample, El line may begin straight, bend gently into a curve, gradually 
or instanlaucoiisly l>e clianged again stid tJius make up, with the 
thousaiuLs of otber lines of the pattern* n voriety of oirangemeiit that 
lirns no relationsliip to the principles of mathemntica. And yet there 
is a law within this apparent lawlessness so rigid that the indivddiiLil 
species hold their cburacterkiics through thousands of years, and 
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a lyra newly bora in tbe Delaware Kiver ie a sjieter plant 

of a Xai*kitta lyra bom milliooe of years ago In the blond of Kew 
Zeeland. When, furthermore, it is bome in mind that we ore 
here dealing with u unicellulor organism the wonder becomes ne- 
centunted. Great complexity is also found in the flowers; but a 
(lower consists of nuiltons of cells outi the complex of the whole is the 
siua total of the difTerent port& But here is one cell, with a single 
nucleus nnd microscopic droplet of cytoplasm, which builds for itself 
its own palace and is to itself its own architect. It is certainly not 
loo much to fsiy that here is a problem in the ooiistnictire resource^ 
fulness of Jinimutc nature which must long woo and puzzle the ob- 
server. 

There is at present a growing interest in the theory that the di¬ 
atoms hare contributed largely to the world’s stock of petndeiim. 
The autlior does not consider the evidence for this at uU conclusive: 
as, among other things, there is a signiBcant hick of contiguity be¬ 
tween tlws world's great oil fields and the dtief iliatom deposits. 
But tlie subject is here mentioned because certain curious facts do 
lend a stivmg plausibility, if not a probability, to this thcoiy. That 
these oils are of organic origin is genera Lly recognized; and a pliyd- 
olugicul peculiarity of the dintonus, their enurmotiH secretiun of oil, 
explains why these tiny organisms suggist themselves to an explana¬ 
tion of the origin of petroleum. Most plants, during a jjiirt of their 
existence, mmiiifactune more food .material, tluit is, bnUding mate¬ 
rial, lliiui is at the time required for growth; and this is temporarily 
stored up as a reser^'O supply. The chief resers e phmt-fooil iiuiterinl 
is starch, with sugars, celluluse, inulin, ar^paragin, etc., as minor sub¬ 
stances. But, outside of seeds and nuts, only a few plants store up 
their reserve supply in the form of oil. Tlie diatom b perhaps the 
most rciuurkable in this respect Living diatom plants will atways 
bt! found to contain from two to ten shining oil globules, deep 
orange-yellow in color, and with a high cefractii'o index. The hulk 
of this oil, in proportion to the size of the diatom, rarely falls below 
ft per cent; and the author liaa samples of diatom material in which 
ti careful measnanement of the contained oil shows a proportion of ftO 
per cent If we oonaider, therefore, the large extent of many of the 
known diatom dcpOfiiti and their frequency in most parte of the 
world, it becomes evident that the potential volume of organic oil 
from this one Bouree is very large. But, bk above intiniAtei], the 
application of cause and effect to the diatom-petroleum theorv is at 
]>resent very far from satisfactory. 

In the diversified uses of the diatoms, if there lie one that is of 
supreme importance, it is the value of these organisms as the great 
fundamental food snpply of the marine world. In the eca ns on the 
land, aiiimal life is dependent upon plant life for the transformation 
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of the inorganic substances of the earth into orgaiik materials that 
diall ^rve as food. The elements nooessarj to suBiJiin life most be 
brought into certain chemical reiationshipsi known as a class as or¬ 
ganic s-uhstuuces, iMjfore the animal cEin draw upon these to supply its 
life piwesses. In other words, carbon, oxygen, hydrogen, oitrogen, 
phosphorus, potash, etc,, will not juggle themselves into edible com¬ 
pounds. It is only hy the alchemy of the green, chlomphyl bearing 
plants that these combinattons are brought al>ouL The diatom is 
the smallest of all the green, ehlorophyl-bearing pknU; but despite 
its insignificant ^isie, these lilliputian wnrkera are so tiumemiie that 
the sum total of their activity is almost beyond cakulaliom Prof. 
Kofoid has estimated that tlie average number of diatoms in 1 cubic 
meter of water in the Illinois Kiver is 35,558,46^. Thriving abund¬ 
antly In all the waters of the earth, fresh and salt, from the north 
polo to the sotith, the cnuntlcsa myriads of these plants are turning 
the siil>stan<»is held in solution in the waters of the strvanis, lakes, 
and seas into living material and are doing this in that strange 
wlembic where St always takes plac^, namely, the green, chlurf.>pliyl- 
graiiu By liarnessing m some way a si.inlieAm to its macliinery it 
turns out f rom the crude material of mineral matter the vital mate¬ 
rial of plant tissue^ and on thia plant tissue there feeds directly or 
indirectly most of the animal life of the sen. Some of the minuter 
foniis of economic value to mankind, like the smaller fishes (for 
e^Bmple, the sardine) and the slieiUiah (clams and oyEjtei^) make 
these plants their prirunpol if not their e^^dtisive food. The teem¬ 
ing swtinns of tiny animal creatures, nf which the copepods may bo 
cite^l as Its an example, are the links between the diatoms and tho^ 
other organi.^ms which in turn prey upon them. 

And thus, as upon the land the carnivore feeds upon the herbivore 
and the herbivore feeds upon the phmt, so in the sea its aniiiiiil 
dcni?:cris may be referred h\xck in their food ^pplv to the final 
souroi, the diatoms. It may therefore iw said, without sliTtching 
the tmtii, tiuit tliesQ plants are tlie i/i™( &f the because they 
occupy the same important relationship toward the life of the 
sea that grass does toward the life of the land. It is not meant 
by this that other marine plants do not contribute to the store of 
animal food, ilany of the brown and re<i seaweeds form the pas^ 
ttirefi of animal sea life; and one plant especially, the so-called eel 
grass, Zoattera marina^ lo of great iuiporlanee to those forms of life 
inhahiting the aha I lower waters along the sliore and especially of 
the bay^ and esstuaries indenting the coast. Although Zostera doee 
not api>ear to bo extensively prey eel upon while it is growings it 
becomes a highly nutritious feast for myriads of forms of animal 
life at the time of its decay* B^it its usefulness in this resi>ect is 
greally circuinscribed because it is not available during the greater 
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portion of the year anii us avnilnltlo only in tliose sliallower waters 
in which it is fitted to flourieb. Out upon the wide occiin, compris- 
ing roughly three-fourths of the surface of the glofic, it is the diatom 
which is the plant par csvellenHTC as the supplier of aniiuiil food. It 
also shares tliis service with the otlier plants above mentioned in 
the shallower waters of the const. 

The full Value of the diatoms in this particular is only recently 
being appreciated. It seems strange tlmt the study of thia mi- 
poitaut point has been so long deferred; as strange as if the stock 
raiser should have persistently neglected flic study of those forage 
crops upon which tlie welfare of liin stock depends. Tlie enormous 
value of the fislierics to the world, to the inhabitants of nil lands, is 
the measure of the importance of the studj- of these minute organisms, 
tri^use of their intimate relationship to the problem of fish fund- 
IVhcn tlic diatom flora of our coasts and of the high licas is sulfi- 
cieutly tnrestigntet] we shall he iji a positiijn to understand bettor such 
problems os the migration of fhihes and the prevalence of certain 
kinds in ccitnin waters; and it is not unprobuhlc tlisit means will be 
devised for augmenting the fish food supply through the diatoms, 
just as the science of agrostology wurks toward the betterment of the 
cattle raising industiy. 

^ As a single illustrntion of this pnlut, let us toko the teeming animal 
life of the jVntarctic. Those who lurvo seen tilnstrations of recent 
explorations near the South Pole were rerhitnly itnprcsscrl with the 
enormous fecundity of animnl life in that region- It is strange 
therefore to note that this life is confined almost entirely to its 
waters; to that there arc no land birds, no land animals, nor 
insect* This is becuu» there is no plant life upon the shore. f\Jl 
bird life, all animal life is miirine, penguins, gulls, petrels, and 
a long list of strictly aquatic nnimal* Jfow, in these waters of tlie 
Antanriic tlie plant Ufo that is most prominent is the diatom. This 
plant, more than all others, is the explanation of the teeming life 
tlint iiihahirs thcoe nnmte seas. The writer in investigating the 
diatoms of the Whackleton Expedition to the Soulli Pole^ *foiind in 
most of the samples collected a larger pcircntagc of diatoms than in 
any other samples known, Some dredgings made at Mcaiurxlo Bay 
wens found to be at Icust 60 pur cent eilihic dintomaeomw matcriaL 
Xo wonder thureforB that the lower animal forms swami in thesa 
waters and that Uio camlvoroiui animal foitus of larger bulk are so 
prolific; for between them and extinction there sstands the abundant 
and over-preiient supply of plant food represented by the diatom 
flom* 
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[With IT [tlntea.] 

Thfl (ISO of niircotk plhnls and etunnlaiits was iff tidy spMad in 
both North and South long before thu diseovery, not only 

for the purpose of exhilaration or iutoiicatlo^ but also In foimcctioii 
tvitU the practice of necromiincy and in religious rituals and cere* 
monies accompniiying the initiation of boys into the status of tuan- 
hewh The companions of Columbus on his first voyage oliscrved 
the custom of smoking cigars maac of bundles of tobacco leaves as 
practiced bv the aborigines of Hispaniola, or Haiti, and the sanie 
custom TVfls' observed on tho Isthmus of Panama. The use of this 
plant was found to be very widely spread on the luninland of Iwth 
North and South America. In Mexico tobacco was used in religious 
rituals like incense, and its leaves were chewed with lime. Though 
of aubtropicai origin, its cultivation extended as far north as the 
St. Lawrence River. The antiquity of tobacco smoking in North 
America is attested by the discovery of ceremonial tobacco pipes 
in prehistoric mounds and graves. 

A narcotic snuff called cohoba, described by Ramon Pane, who 
accompanied Coliunhus on his second voyage, has been confused with 
tobacco. It was used by tho natives of llispaiiiola, who inhaled 
it through tho nostrils by iiieans of a bifurcated tube. Snuff simi- 
larlv inhalcfl was aftemvarfUf found among several Indian tribes of 
South Amcdcn. It proved to be a powder prepared fwm the secils 
of a mimosalike tree, Piptiolema ptreffrijift, to bo described below. 

Among the ikxtecs, in addition to tobacco, two other narcotic 
plants, a small, fleshy spineless cactus mistaken by early writers for 
a fungus from tho appcaranoo of its dried discoid sections and^ the 
seeds of a species of Datura called ololiuhqui, were used by priests 
and magicians La their incantations. So holy were these plants 
held that collectors sent in quest of the cactus fpeyotl) were con¬ 
secrated with incenso before starting on their jonmey, and it was 
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tODsidercd a pious task to sweep tlio ground wborc tlie ololiutiqui 
grew. j^Dong the Ziinis and the Indians of ArizwOna and Southern 
California the r^ts and other parts of a closely alUed Datum were 
used in incanlations and imtiatory ceremonies Among tlie Indians 
of Virgiftiu tile commort Datura Htratnamum was used in a similnr 
ecreiiiony (huskinavving) to caiiso intoximtiou of candidates for 
initiation; and it is interesting to mite that in the Andes of Peru 
II related tree datura, Bniffmtiwta was uhuI by the 

priests of tlie Ternple of the Sun to induce cxliilanition accompanied 
by supernatural visiotui. 

Other narcotic plants belonging to the Sobmaccae, or Xigiitshada 
Family, allied to the Mandmgora and lljoscyamiis nf the Old World, 
were species of Solandra, resembling climbing daturas with long 
trum[^t*sbBiHjd flowers; Ilimeranthus and Jaborosn of Smith 
America, used as aphrodisiacs and In religioiis cere monies; £!alpi- 
ebrott and jy^nistns, witli properties like tluwe of Airapa Bfirradonna; 
and, in addition to these, a South American forest climber belonging 
to Urn Malpigbiiiccae described by Richard Spruce under the name 
BaninUna Vaapi, 

Among^ nerve stimaionts used by American aborigines must be 
mentioned first of all now of great importance 

as the source of cocaine; Itrx paraffuarten^tSf the yerba mate, or Para¬ 
guay ten, and its very close ally of our Southern States, Ihx eovU- 
ioria^ the basis of the celebrated «bbick drink T/leobrtma 
from which chocolate is made; and I’mm/ua Cupam^ the source of 
the cupana or Ciinuiii, of South America, which nets, somewhat like 
tea, ns a wholesome stimulant 

Among alcoholic intoiicante were chicha or azua, prepared by 
fermenting gniel made from grains of mamc or chimopoiUiim, to 
which various fniit jiiires were sometimes added; tiaswin, or teshuitio, 
mndo by our suulhwcstem Indians from sprouting mai?ie or other 
grains, and also from mesquil pods or cactus fruits; and a fejTiieuted 
drink prepared in South .America from the roots of mandiuca. From 
the sap of ecrtjiin species of palms wine was made in various parts 
of tropical jVmerica, and from century plants, or agaves, and vuceas 
tho AlexicanB made their fermentetl octli, or pulque! The art of dis¬ 
tilling wss unknown in ancient America, but with the fermented 
liquoru above mentioned, often strengthened by naKrotic lierbE?, roots, 
w seeds, many of the aboriginal tribes succeeded in “getting glori¬ 
ously drunk,r as one of the early Spanish writers declared. Some of 
them were addicted to most disgusting forms of debaucherv long 
before they came under the degrading influence of civilization, so 
Often deploreci by travelers and mj^iomries/ 


'See SpUf HDd ^fartliu, In 

iiiMOTJf 3^; I£LE-T;33. ISIO, 
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TOBACSCO. 

(Plates 1 nnd: 2 .) 

Tobacco is first mentioned m tbe uccouot of ColumbiisB dboovery 
of tlie New World- In tbo narrative published by NavarrtLc, under 
tliB date of Kovember 6, 149*2, is the following entrj^: 

saye the uiliuimt. chug the two tn^ii whom Hg had Kknt to obnerre 
the Interior of the hsland^ ghO they told lUm btrtv thfry hud weUkod 12 l<?aEue 5 
to 41 TfnH 4 "'.^ of 50 lioiiSGS. * * * On the road the ChrhUlAoy uoenuotered 

niatiy tn’tiple rno<?eedliis to tlielr vLlla^cs. leeii aod wotoGii, hoklluj; hd Kheir 
Imudii a arehmud 4 Lad befbo wlilcli they v.'ere accustomed to utkG in their iocensG 
buroers. 

In a footnote on the same pnge is added; 

In tl^e Hifltoriji jicdeml do Ihs IndJiu whieli be wTote, BLfdico CaRa# refers 
w'Sih greater dnaU to this occarrence^ ^Thrae two Chrlfttiims tuet on the road 
(soys he) nrntiy ^ wore procGedlna to their v|||u]^ii^ wopjh*h mid meiv 

always the tnm with n hrebmod in their hnnda and eerbUn berlhs m lake In 
tiiptr incenj^ burners, wbicli are dry berbs wruFl^ In n certalii leaf, alao dry, 
hfler the hmnoer of a musket made of paper which Uio lioys tnnkc at the fca&t 
of Paoeuii del Esptrltu Santo; and having lliditeil OJie end of It, at the other 
tliey Buck or lidmle, or receive witliio with the brvath, that BinokCp with which 
the body Is soothLiil and which almaHt latesJcut^iH, so that they du not feel 
fotlgne^ Thvm mu^kotSs or wdhilever wie shall mil tbem, they eall tabacpiu 
I knew ^[laialanls ou this iBland ef nispanleb who were uccuHlomud to takioj; 
them, alul, beinp; mproaehed for ho delng: ItecnDste it was a vice, they replied 
that they conlil not stop Uig ImblL I kbow nut what liuyor or Itcnfdlt they fouatl 
In tbeuL Here niny bo seen the erijtin of our clfpirs. Who wotilrl have ventured 
to Pfiy nt that time that their cunsutnptlon mil use w^ouhl one day becomo 
remmon and jp^ncraL and that upon iblB new anti stninge vice there would be 
Gstabllahed one of the fattest revenues ef the Suited"’ 

USE f>ir tt)BACCO HT the 

By tho ancient Mexicans tobacco wab regarded ns a sacred or 
magic herb. It was used in their religious rites nnd In ceremonies 
of various kinds in the form of incense. They also Inhaled its 
smoke and chewed iU leaves together with lirruN In the Nnhuatl 
language it was called yeti, as prepared for their fumigntions it 
was called picietl; ond the leaf of green tohacco together with lime, 
prepare<l for chewing wus called tenexictl (frt^ tenextii, liujc, and 
yelL tobacco). The Inst name is often motbfied into other forms, 
varying even in the writings of a singla author, ns tenegiete, tene- 
chiete, etc,* the Nnhuatl X having the sound of the English SI I 
(which is absent from Iho Spanish kngiiBgi?)^ and tlie Spaniards 
haiung a tendency to drop the tcmiinnl Lp of Nnhuatl words. 

Tlie plant itself, iVkotmna wa5 described by Dr. Nkolas 

Monnnles of Seville, in 1574, and highly recommended by him for its 

Ccllm^cha loi TTajpa dA DefcijLTliBlcblQff, Mri^^ron pa4- mar 1« 
tUpallQlH disdA dart! ilrl rials XV. T^ainfc 1, Vlacwi de CftlOd : Alml malmiKD di- Cm*- 
tniA, pp- 5 <WGl, 1523 . 
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supposed medicinni virtues. After cniiineftttmg s long list of 
maladies wluch miglii l>e cured by it^ and relating spedfic instances 
in which he hud known it to be efficacious (very much after the 
manner of the testimonials published at the present day in connec¬ 
tion with patent medicines), he describes its ceremonial use by the 
Indian priestSt Or necromancers- In this connection, however, since 
he speaks of its intoxicating effects, it is veiy probable tlmt otjior 
narcotics were nuxcrl with it. The custom of chewing it, as prac¬ 
ticed by the Mexicans, he describes as follows: 

Tlw IiKlIjtiiFE iiw ct tohnccfi Co bUI th™ to enflare thLm ns well hji 

hmij^r* and to ciuililti- tlu-ui to pnKH without: hnylnit to &il or 

dtiok. Wlifin tln'^' liiive tu joumoy (n:roiss3 wunc tliwcrt or wllij^TTkc^ wlwro 
ocltbor w'Eitor itor ts to tio fouDiJ, tliujf u«c little iMillots muito of tlilw 
tolMicco. TlM?y tnko tM lfiiVP8 of it, oort chew tluip, bldcI oa thejf rhowlnK 
thoin I hoy mi^ctus wllli tlirm a cortiiln pnivitiT iitaik' of buml etturt wliftlirtp 
ufiil (fo mlsitij? tht-tii to|!)&thi*r Ir tholr oiouth otiUl (iioy mnke a kiorl of 
out of u'hieli uiako littlu iieUpti? a iJttle lan^pr than j^nrhaiixOd: nm} jilac* 
thpfii in Itip fhiiUo to dry, nTt^r which they keep iJiem and use them fu the 
f^lowlng niiturwr: 

WIioD ihvy ttre nUHtji'd to Journey \n reidons where they do not espwt to 
l^nd wuler or foml, they take one of tho^^e (^ellettt arnJ place It between Ltic 
lower Up nod the teeth, auil thry ro Blnns surkiuEt it nU the time Ihnt I hey 
are walkiugi and wdiut tliey hucIs ih-By kwoIIuw, uihI nfiur tiiLa faKhlE^n ihi^ 
turn lOid Journey Lbroe nr four dnya wllhouL tnivliii^ iince^alty for fiXhit or 
drink! i^cetiusd? they feci uelchiu' hunger nor thirst nor faiuLiucESs whleh might 
hiiMlt^r their Jouraisy/ 

Putiro Jo In Sernuj who prepured u tuununl for instnictiug the 
Sfent to the Iciilbni^ canctirmug vvitchcraftT iiecromnnty, 
and idolatry^ m pnictit'ed by the peyid UJid titzitl of tlie Mexieatu^ 
gpeufe repeatedly of the usuof tobacoo (pkietl) and limc-and-tobucco 
(toiiexietl) in their various ronjuruticins. This plant, to which ll\e 
Mexicans ascribed divine honors, wag inToked like the sacred ololiuh- 
quo iintl pf!> otij which will be described hiter. In aU eases Ihe spirits 
of the plants^ designated us brown or preen or whitc^ were called 
upon, to cast out various iiiEibdics^ also distingiiidied by colorSp with 
threats if thej' failed and promises if they succeeded. In classifying 
these narcotics Padre Sema observes: 

*r\n^ cfliled by tbt* uatRO of " gri^eii rtjFlrU " the teue^lete [teu^iietl] whirb 
they iiri,'|T<inat with litue, lu onlcr to 0vv struuiUb to ihe mottCh, veu^iiQtiTij^ 
It an tbouidi It were tlie guardlno an^rel of travelerBu ToOhcoo, adn™ It dlil not 
cait-'kJ^MMiielnnriaiuk wui? urut lield to po«i;«Ri tbn \lrtue^^ of d[%'lmiEloa like those 
of im rootle I natural niMl |ieyuti [Lorhophorah Xhe lait*ir were 

held in such revyrHOw by certaiu pt™uiB " forstikeu by i^" tlmt thuy were 
rarrlcnl about tu serve as dmmi^s nEahuii nil InJuritTf. ^ 

1 Xfvtuinlff*. -nUUprU mtaicSiMl dc Iki Cmmit quo » Irmim da eur*t™ IndiiLi 0^1 

plrrcfl eH MediciJjai/* T 1374. 

*S» jBcinto d« U Iferaw. " MaoMl de MlnUlrai jmrti el cooodmScbtQ df tiloMlrtai W 
exitriMckKa do cllaw" Ifl DEwUinitn IM ln^dito* jura U IlIrnDzia 0* Eb^m tok 
pu 18C. 
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UitE OP TOHACPp IN NOIETM AilKIlUM, 



Stioiv^ |jd|K fr&in IulIIild 
Mdund, nvmr UblllS^rulb^. Otilu, 
repmifiELlJDji a bird. 


Tho flutiquitj of the custom of tobnccd siDoking ia North America 
is indicated by the discovery of tobacco pipes id ^vcb nnd bnriiil 
monnds in ^ nrions purts of the United States- Two of these pipe^ 
ore shown in the ticcomptinying ^lustrations (figs* 2). They uro 
but a &itii|ile of nanny, often fashioned in the simpo of mammuls^ 
binla, or reptiles, and t^melinies of human beings, found in the 
iSeioto Valley, where the writer was bom* 

It was tlie discovery of objects like these 
in tl^o n:iouj]ds near ChHIicottie, Ohio, that 
first idijtilleil in him an interest in study 
of llio origin and history of the aboriginii-l 
inhabitants of America. 

So wiileiy spread was tobacco at the 
time of the discovery that, ulthough a ki^, i 
plant uf subtropical origin, it was found 
in cultivation as far noilh as tJie ftt- Law¬ 
rence Eiver. Indeed, one of the great tribes of Xortli Aiucricati 
liuliaic^ knuivn as tho '"Tc^acco Nation,'' mhabited nine villugcs 
lying just smith of Ljike Huron. They look their name from the 
fact iliLkt tliey cuJtiviiteil tobacco on a large scale and sold it to other 
tribes. * 

The Important part played by tobacen in many ceremonies of the 
North Amcrienn Indians is tfio w'eli knt^wn to need de'^cription in 
this place. In the 8i>uth tobacco smoking ofleti accompanied the 
ceremonial of the “hinck drink.''" At meetings nf ambaf^nlors^ 
councils of nations, treaties of peace, and the 
reception of visitors, the calumet or pi[)c of 
peace was in variably circulated. Tlie accotn- 
panylng illtistration (fig. 3) represents the 
stem of a ccrciiioliial calumet, like that carried 
by llarriuctte during his travels among the 
Indians; In Virginia Sts cultivation was taken 
up nn a large scale by the colonists 
Tobacco is undoubtedly the most impoilant 
gift which America ha^ presented to the 
world: 



Flltr 2 .-StODC pipr In 

IIm farm af jt human 
hifid frcjm, thn pugm ]a~ 
i-iiitr. 


So other vljflbts^ nrHl innfElita pfcKliirt uf Coliuiibui^^fl dlirovcry linji tn^'^ri so 
imUersAlly ilUTuj^cxl Aniora; all klnil^ nwl cnatULluus of men. even to tlm rvm^test 
ikoettuF am] comcf* qf the earth. Itif »#r«te iimt eEneld eharm has 

prov«l Irri-fli-Ktlhle, attHoDj^ti from the dutJfet Its iisn? hnn hcon 
frowatxl ueon wjtli an acerbify fitnrh as no ikffalr of hygiene ban eullied 
fortlL Tho amt moutlen ol tobaceo Ss En Colambiis'a dlmry for NuT^*rn- 

Irfir 'JO, WCHi [Xov* e, according te Navarn'tc?. The use of It was ikmio ]Dtro4,!uced 


< ll tfl Inlomting to Oote lhal In ]P14 t(^ODO,OCK> |>aopibi C^f toftarco wers proilqml fo 

t^r FroTiii-Cti ol ud Ol^larlo. 





g02 ANIfFAL SMlTH^3?lAy OTSTinmON^ Ulft. 







Itito Uifl SpaDleli PeiEl1nflti!ji+ and ikboat 1560 tl^e Freiieh ntaljiif^dijQF at LLabon^ 
Jeiiii Nieot, sent acmio flf the tmgniiit; hwb Soto Fmnct, U woa mmiiaj 

In h^rhOT of h\m Nlcotlniu It Moms to hnve bmi brought to Eniilobd bjf 
returnlmr cotoulata Iti 1586, imil early In tlie sc^i'-ptitoonth wntury It 
beeoDilui^ fnshlonnble to $itfialci.\ tn of tbo bull of Vnve L^rt^pin \ IH uikd 
King jEkiues'a " Coutitctlilast to Tobacco." Etwyotiu will reiOfitillMir iurte ilmt 
royal author chnrucleiiaed araolilnff hh ^*a cct^locn loutliAonau lo Ibo cyp, 
ful lo the nose, linrinful to the brnln, dnagemli^ tu the lungs, anul In the 
blade otlnfelnff fume tbenjof nearest reSenibUtii? the horrible iityglnn sniDko of 
tlie pit that Is bottuhik^iss.^ * 

In srpitfe of all elTorU to discotirag:e its use and euUi%*ation> Uibacco 
soon becMoe the principnl staple of tho Now 'W^orld^ and was oven 


Msed instead of gold and silver for currency. In 1610 , owing to tho 
aesreity of wives in Virginia a diipload of young women— 


spliiaterB cflrefallr aclwted ami tualtonioed (saya Flsket were iicat to the 
enlony^ Tli^y had no dltnculty In lluilluj; sttltorfi, but tio ueeuptod anlrur ooulil 
dniiu blB bride until he Bhutilil rtir the T^ondon Company 120 poutais of tobacco 
to defniy the eipc™*5*f bet voyagw.* 

Fiske coils oltentlon to tlic important role which totmcco has plnyed 
in thfl history of our country by ttspeating a remark of Mrmciire 
Conway; “A true history of tobacco would bo the history of English 
and American liberty.'^ Flake continues: 

It was ti:»hac(» that tilantnl an KnElloti lutiDa tn Vtrelnta. It weia the 
riettJre to amwitwllae the tnhacco tnwie that Imlarw! Cliat'ira 1 to rDcu^ise the 
House of nufsessw: ai«tnitpni with tbo Navljtntloa Art bwI its effort ujxib the 
totineea tmile was poteai amona die catiwfl or Baom’a Itebeilion; «mi bo on 

>niik(i, Jitta, OIJ Tlotlatfl and hfr Nfljttior^, Ij n4_lT5 ifiBH- * 

* n'liif, irp. rit., 1 ! iga-iw. 
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down to tlie eve of InUepeiiEJenw^ wh^ PnLrli^ Hetiry won tila llrst triumph 
iTi Uiy famoui* * Pprsott'tt Cause, in which tJio price of tohucco ftiruishoil itw 
btrno ot coutootlpn, the ImllHii weed haa Imwd strauBoly itnplteniod wldi the 
history of polltlctii fr^jedont* 

^^udl 11 certain and fiteady dvniaiid was thcra for it Hint, like dioc- 
olate in llejtico, it becamfi the currency of the colony. 

The itrlees of all Brtlcte«!i nf lucrctmTKliae ware looted In itonhil'i nf tohaeeo, 
111 tobacco taxes wen; niijiessoij anil all wuisw ftoil BaJarlfs^^'wc pahl, Tliht 
use of tiibacGO as a ctirulatlng medlom ami ti* a staoLlani of valnefl was 
Ih thu ourllefft ^layn iif the colony, when coin wn& seorce* aiul the etrusTture 
of Hocluty was simple enoiij^h iu permit a lemptKrary return toward the pritnl* 
tS^^o praetlee of barter* Uraler such elnninistnnefei tohucea was obviously the 
nrtlde most aufe to be used na mone>\" It was i»scliiingeflble for whatever any- 
body wimteO tti the shblie of js^rvlco or merErhutnllaOT and U was easUy pro¬ 
cured from the hmtititiful i'jirth. * 

CUHOHA SNUh I?' OF THE ANCIENl* HAITIANS, 

(Plate 

In ndtiitiofi to tolmcco tba companjoiijs of CoUmibus encoimtcHjd 
nnotlier nnrcotic in Haiti^ or m^paniolaj OAlled oohoba. It u?as 
taken in the form of anuff^ mlmied tbroiigh the nostrils bj means 
of a bifurcated tube* It was correct]j described by Kamon Pan% 
appointed b}'' the great admire] to report upon the superstitious be¬ 
liefs of the ishmdoiis;, and also by Ltts Casas, who was no eye witness 
ti> the ceremonies accompanying its use. Subsequent writers, mis¬ 
led by Oviedo3 incorrect Gtatoment that this substaiicx^ was ignited 
and its smoke mhaled through the nosstrils by the bifurcated tubci 
confused it with tobaccOp It was in reality derived from the seeds 
of ft mimosa-like' tree, known hotanically as Piptndcnia psregritut^ 
That it could not have been tobacco is apparent from tbe descrip¬ 
tion of the physiological effects caused by it. All writers united in 
declaring that it induced a kind of intoxication or hypnotic statci 
accompaaied by visions which were regarded by the mitives os super- 
natiiniL 'IVhila under its inlluence the necromancers, or priesb, were 
auppo^^d to hold communication with unseen powers,^ and their in¬ 
coherent m utterings were regarded aft prophesies or revelations of 
hidden things* In treating tlie sick the physicians made use of it 
to discover the cause of the nialady or the person or spirit by whom 
the patient wus bewitched. The snuf! was called cuxoba in the 
language of tlie islanders. This was rendered in the Italian or¬ 
thography of the translation of Panels description, “cogibba/^ and 
incorrectly transcribed a$ ^‘cqgihaj" or ^^oojiba.^ In Spaaish or¬ 
thography Jt is written ^‘ cojobft/* 

1 Oil! Vtrsiala wa4 a^r NcJctiboiiiH 3- !'*■ ififtB- 

*1C 1b let tliBt Kt B Inter wMikr dliUlltd fn^m main vm* 

Id p*rU uf Uke UmUil KtatM 14 corfenej, fTM fer ^fing the eAltrte> vt 

Kb 40 l teacl»n and vl^rsmiclL 

* FUfet. Dp. riL J^ 2ia 
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III deseiibing tLe id-ub of the islfinders Pitn^ gives the following 
account: 

Tliosj! of wood Att mnde In this fitsMoD; Whua boiudoiiq 1b ulonjt no n 
Journey' he Jie h tret* wlUvh Is its. rootB ; and ilia uiaa In a ereat 

friKht stop* acid ii^ks: “ vvhu Is It 7"' Atid lie rephos: ^ ily uaiue U Bulmltiliiu 
and It wlU ludlt'ute who 1 um.^ And tlio mma ^oea to Uio phyidcljiii and leOa 
him nrhtil he ennl the eiiirhuuteT or wljeard Immediately to boo 

ihu tree whlvli the ULtin hitii tnUI him of ami sits dow'a by It, utul he iiuikca 
as w& have do^^cilbeil IdlHive In the story uf the foorl. And wlien Uie eo|clohn 
\s made ho Btniids up nn Ills feet nutl (tIvob It nil It-s titles as If U 
grqftt lord, and lie inks IIT Tell me who you are, utilI what you aro doinij here, 
and w'Lnt you iviiiit of nie, und why you have bud me vailed, TeU ine Lf y^u 
want me to eut yon or if you vrani to eouie with and how you want me lo 
carry you, and I will build you a cahlii and ai|d a projiierty to IL" Then thut 
troe or ceiiit, beeonie an hlol ur devil, replies to hhm telling litiu Uio Ahn|)e in 
wbleh It wants to li^ mudo. Anti Im cuts auil amh^ It In Ute stiaj^e It huo di¬ 
rected; builds It^ botule Tor It, and gives ibo protierty, and many tliia'^ In the 
year makes eoidohu for IL This eogloba Ls to pray to It and to ploo&o It and to 
ask Hud to Sea Ml jMsaw* things from the iTinL, either evil or jpaal, ami in addition 
ti> ask It iitr waulUi, And when Oiey want to know If ibey vclU be vletarlou.-i 
over tliclr eneaiSes they m into a nibln into wliieli no one el mo goos e:xe«pt tlw 
priueipnl men, ami their oldof Ls the fir^x wiio bogina to muko (Xigloiia and to 
make a unlse * iiad while 1 h« Is makJnir coklobn no oiie of tUt oi who 1 b In ilw com- 
pnliy wiyH anythlag tni the ehSnf has llnljilin;!; hut whi^a Sms diilshoil hl-i 
prayer Iw fitaniU a Wiihe with IiIh head Inclhied and Ids hnm on bb! kne^; 
ihoti he lifts his bead up and looka toward tlie sky and Btieak^, Tlion lb(^^ all 
Einaivor lifui with a loud voleo, and when they have all spqlni^ii, living thanks, 
be tellrt tlM? vision that he ha if lavn, iuluxJeaU^l wlih tbo eugloha which ho has 
Inhalml llirough IiLh rnmi-, which goes up Into hla IipqiL And hy says that be 
Ims talkoil with tliacf-mi nrid tJutt tlivy nj^ to hnvo a victory; or that biHOm^los 
will by: or tlml Uh-^ro sbnll b<!^ a jcrrost luas of llfo, or wars, or faaiiue. nr ofiino 
other Btiili tidtkgrt whk'li oectir |o hStn who la lulotlmted to suy, CouBldcr 
ivliui u Btate liniSr brains are la, bemuse tJp^y say iho enbluB seoia to tbem lo Im* 
lonii'd iii«slde ilowa iml ibut men aro waSklng with their ftwt lu ibe air. And 
ihl.-i cnicteha they luakc for cemls of stone and of wood os well as for tlie iSend. 
m we have ihkscTilHr<.l alwivt* 

Peter SUrtyr’s acooimt of ilie mtutbkiinU of Hispiiiiiolu, hi his 
Df Orbe Novo, is simpty a piirtipluiisc of Fr« Humnn's piipei*, in 
Latin. Tt (uliia noUiing to lik tliiRcription of euhoba, but on tlie 
other hand It is niisleading, since U refers to it ns ‘*fln herb ivbicb 
they potiriO lip nml tlrjtik”| atid though it states that the natives 
“absorb the mto^iicuiiJJg berb called cuUobba^ ivLich is the same tts 
that used by the laivites to escite their frenay,*’ it fails to specify 
that lliey bTeathetl it through tlicir nostrils l>y means of a forked 
tube. Nothing k siid of the apparaius by whkh the snuff is taken, 
and JiiikMl Eumon Pane himself neglects to give a description of 
it Fernomio Colondm, however, in his Hlstorie (ISTl) states that 
fur holding the snuff the ruitives had a (indy wrought table of a 

>n>ui<m PllBr (HOflJ. In apprnilllf to Stfuniaila I'oluMtio'ii Uinarfr, «ip. XIX, pT nii 
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rdund foraij rpsenibling a treiicher (come un tugiiere), i^ud that they 
took it fay menus of u bifurcated tabe, “ con unn canna di due rami, 
chc si mettono i\l ooso,’' 

The description of Las Casas k even more prtscise. The snuff tray 
he describes a plate, not flat but slightly concavlsh or deep, made 
of wood, eo hLindsome, ainootlij and pretty that it could not be very 
much more so wort? it made of gold or silver; it was nlmosi hkek 
and polished like jet(cuasi negro y lucio como de azabaelie). Tij 
describing tlio tube he Snysi 

The tube wn:a fui^ilonerl the of n nute aikl wj^s quite IiuUpw, like a 
llele. I-'roni two-thlnJs of Itrf leiiifth niiwcirtl It dlvkleU bj of 

bulto^v Jusft ns we ^ypen the two mhhUe fingers, Icavini; out the thumh. 

wUh the liuiid ojEteoUeiJ. Tlie eoils of Uh^ twn ennes In^rte^l Into tlie 
wEotlows rtf the DMtrilH anU the base of the? tlute^ lee us snjr Into Uio powder 
on the pbite, ihoy uould itmw Ln tJieEr brenth nod siiuUini^ up, wonid roeelvo 
thniugh the noHtrllJJ m pnueb of the iwwtier nft they ivltihed xo take^ whleb^ 
when mken, won hi at once to tlie brain, nlmo^t ue thouiiSi Hiey heil drank 

Rtfong wine: for they would beenma drunk or drunk • • It 

wn^ thi'lr euston)^ In cqhiIiir together (a decide dilficnJt tnntler^ Fnch the 
maiietiTerrt nf one of ihelr war partlu^i. or Ihv perfonmneo of otlier things 
which I hey deelbiKl Importnatp to innko tbetr eobuba and wltli it lotckxjQite 
tbeniselvea or nearly t^i do • • *. I saw pe^iple on iwverfll ch> 

ctisions eelebrnto their coboba, md it was an Interestliii; hiie<.tuete to witnesis 
how Ihey took It and whnt they ffruikei The chief be^ii the cpreinony, and 
while he wun euica^'td all n^Eitnltied nUent WHion he had taken hla cohnba 
UhJit Is, when lie Jufcd Hciuffeil up the powder TbrnuBh hla tiEr^rlts. ao I have 
il€>scrltieil), Ihvy being ^seated on certain bavidiu»hK% CftTved low IxuiCbes* which 
tluw cluiihiHt (the flm syliaise longK he retnaliU'd alletit for fl while 

with hl4 hciiid liiclloed to oeic side atal his a nun platetl on bis kiit?c?f. TIjod lie 
nilst'rl hl^i face heovonwnrrj, uttering eertuln wordft whScti must hnvp liccn hSa 
pmyor to the true ftod, or to lilta whom ho held or God; after w'hlch uJl 
ri^spondcib nlmost as wo do w hen we any attism; oml this they did with n loud 
voire or sound. Tlwu they ynve tlmnkR and wihl tn him certain ciimpUmentiLry 
tljInj^UK etdmating hla b+^&evoliinco nod begglaiS hltii tii reveal to t.hoiu what 
ho hud Keen, lln descrll>t‘<l to Uiom his vision^ saying ihnt the Ocnil hnd 
liFpolfen to hho Uhd hud predlrte^l gocKi tlmoa or the rontmryt nr that elitldrm 
were to W ttom or to lUe, or that there was to be Bomu dl^wte with thdr 
ucIbWwh-u, JiEiil other tblnga which might coiitp to Ids linagiaatloii^ all dls- 
tnrlMHl %vSth that Inloilaltloii; or If perhaps^ wilhont It, whiit the de-vd, ta 
domive tlieiu und win tlieiii to Ills worship, hnd hn^uphc to ihein,* 

Tlie sail If itself w^as descrifatul by Las Cus»h ns “ finoly grouail and 
of the color of cintihmoti or powdered hnina" <Je color do canelit 6 
dc alhena molidu).* 

^ *1iiw Ckme*. A|Wil. nitfl, lE* ladlaa, Cliap. VV^ 44r^-l<0, «L Senmaa f Saena, 
yiBdjId. lOOT. , , 

■ Albi^fla ii tb^ UBtnif vt I be wcallcd lEiyiiLlia prfiwh b-tiTJaflid In^nnli, the powd^nd 
|jr»TT« qf whl^^h, nll'4 hmna, wsre aHd tjr the EtyptlaaB fqr calorlaip Ibetr UPHJ^raAlIq. 
The frMTajJl ^\ 3 wm Df thl« plant are IbL-. ftrladpil Mate* of the perfqflm wAfUid bj 
tb# htW^ at Anhj tlip Bltab" 
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THE COHOB A TREE iSTIli. IN HAITL 


Thnt ^ sub<5t.fine« with the in toxica ti Jig effects of cohobiv filiould 
have been hlentifled with tobacco Beeins stnmgc ; but if not tobacco, 
what could Imve been ita origin? Is the custom of taking a narcotic 
finuif bv means of bifurcated tube still in exktenco in any part of 
Americaf If so, from what plant is tlie Gniiff jireparedt and is this 
plant to be found growing on the island of ILaiii? Tbcisc questions 
may be ansnvered as follows^ The custom of taking a narcotic snuff 
still prevails in various localities of South Amerka, fihowing that 
at one time it mii$t hiiive been widely spread. In inhaling it some 
tribes used bifurcated tubes which corrciipond very closely with the 
descriptions of those used in Hispaniola (fig, 4). The plant from 
which the snuff is derived k Piptadema a tree whidi 

grows Ijoth spontaneously and in cuHivntinii on tlie bard^ of the 
Orinf)<\> and Amazon Rivera and their tributaries. This tree does 
grow on the island of ILispauiola, or Haiti* as well ay upon the neigh- 


boring island of Porto 
Rico and ssevend other of 
the Antilles^ ntid— 
interesting and convinc¬ 
ing of all facts connected 
with it“it still bejira the 



7icl C—’Forked! tuli* loliAllBr Birc4ttc FlpIdiltDln + 
■dqIT throm^ iLOiie, " ^ 


nnme uihoba, which vtns applied i»i nneient times both to the snuff 
itself and to tlie ceectnonial practice of imng it. 

In coimectiun with bis studies of the plants used by the nborigines 
of Americfl, the writer encountered vuriogs narratives of ira^^lere in 
South Anierica in which ceremonial snuff taking by savaj^ trilwa by 
means of bifurcated tubes was described. In all cases the snuff was 
made from the seeds of Pipta/i^nia peTw^rfna, tho tree called Cuhoba 
in Haiti, Among the writers who bear testimony to this practice 
ore Padre Gumilb, in bis Orinoco Ilustrado (1T41); M. de la Con- 
damitie in his interesling Hclation, published in the Memo!res de 
rAeademie Roy ale des Sciences, Anne« 174^; Humboldt and Boii- 
plantl in their Voyage bus Rfigionfl Equinoxiales (i81D)f and Spts 
and Martins, Reise in Brasilicn (1831), One of the most interesting 
features in connection with the use of the ewds of Piptadenia is 
described by Sp5.s and iinrttus—the use of an infusion mode from 
them ns on enema. Tliis was accomplished by means of pear-shupcii 
rubber syringes, which, according to SL de la Condamine, were pu^d 
around to guests at ceremoniBl fcoets. In various parts of South 
America the snuff was called niopa, nupa. curupa. curubH, and 
panci: and a similar or identical snuff, also made from Piptadenia 
se^s, was called cebQ or eebil in Argentina and vilcn, huiBco, or 
wilJca in Peru, 
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For ft full uccount of this Luteresting: uurvotic the reader k refmerj 
to tilt! uutlior’B repeat paper, “ Identity of Cohoba, the narcotic siuiir 
of ancient Haiti,” published in the Journal of the Washington Acad¬ 
emy of Sciences, volujnc 0, pages MT to 502. It is reninrkable that 
the identity of cohuba, mentioned in the very first account of the 
ethnology of ihs aboriginal bhabitanta of the h'ew World, should 
have remaitied unknown for tliree centuries, and more remarkable 
Biill Uiat the seeds of Piptatlmia pertgrinOf known to possess violent 
nurcotic properties, should never have been studied by cheaiku. 
Humboldt was so much sjirprised on finding tlmt the source of the 
snulf wiis tt leguminous stsed that Im suggested the possibility of its 
intoxicutiiig effects being due to the udmiMura of lime with it, but 
liielmrd Spruce, who saw tlic sniiflf prepared without lime, showed 
that this aijppositiott was erroticoiie. It ts not bo strange, as Hum- 
Ixildt w'ould indicate, that seeds of LA!guiiimesE' should possess nar¬ 
cotic properties. The scarlet seeds of SopAora ifecurtdijioni, or Brotut- 
sotitifia Kecutuiififyray of Te.^as and northern Mexico, arc also verv 
narcotic and are still used by certain Indian tribes for ceremoninl 
purpoiics, as described lie low. 

THK KKD UiiAN i >F MUlTFtKltJi IIEXICO AND TEXA.S. 

(PliUe 3.) 

secu^dijft/rit, described and figured by Ortega in 1708 
from n plant growing in the .Royal Garden at hfadrid, but more com¬ 
monly known by the name SopAoTU seeundif ora, is a beautiful ever¬ 
green shrub or eniall tree with pinnately compound glossy leaves, 
racemes of molet-eolored flowers, and indehiscent pods containing 
scarlet bean-like seeds. The latter have been studied chemically and 
are known to contiiin a narcotic poisonous alkaloid allied to cytisiu, 
having a physiological effect very much like that of tobacco. From 
leiaK, reports have been received that the seeds have poisoned chil¬ 
dren. Tile plant, thougfi tisuall}’ avoideci by nninuils, is eateii by 
deer and goats, and the haitl, glossy beans ivhen swallowed whole are 
apparently tiarmle^ In early days they were much used by certs in 
tribes of Indians for making a narcotic decoction, and when ground 
to B powder were put in mescal, or Agave brandy, to make it more 
intoxicating; hence the name “mescal bean.” which was formerly 
apphed to tlmm. 

In early days thes(‘ beans were so highly valued by the Indians of 
the Mexican border region tlmt a string of them 0 feet long would 
lie accepted in barter for a pony. According to Dr. Roth rock, who 
<]Uot^ Mr. Bellanger, of Texas, “ the Indians near San Antonio used 
thjs ^n as an intoxicant, half a bean producing delirious exhilara¬ 
tion followed by a sleep that lasts two or three days; and it is asserted 
that Hi whole beun would kill u tnan.”‘ 


‘ Sot IUtiiHJ, V.. r™, u. 8. N»L Uni. 8 : MO. IfiM. 
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ilr, Akiisoii Skiunerj ia describing the Ee^l Bemi Dance of the 
Iowa Indians^ aajs that among them this i&ncient rite far anledatee 
the practice of eating peyote {Loph^pki^m IVUliarrmi) which they 
have more recently adopted. According to their traditiatta the society 
of red-bean dancers wns founded by nn Indian who while foisting 
flrramed timt he received the secret from the deer: ^for red beans 
(mesea!) are sometimes found in deer’s stomachs.” The beans were 
prepared by first placing them before the lire until they turned 
yellow. Then they were taken and pounded up fine and made into a 
medicine brew, ITie fiicriibera then da fired all night. A little after 
midnight they l>egiin to drink the narcotic dectartiorij and continued 
to drink it tmtil daybreak, when ihy elfecty became appaniuit in caiiS' 
ing them to vomit. After vomiting and praying repeatedly they 
believe<] themselves ceremoiiiatly clean$eth the evil being haring been 
eJtpelltHi frruii their bodies. Members of tlie UMietyt when they went 
to waTj tied ©Cfnie of these red beans around their bolted deenung them 
eflicacious as a charm to protect them from injury. The mnneacutzi 
wariihawe^ or ** red-bean war'bnndki” was regarded by the society os 
a siicml duirni, the possession of which bmught success in war, 
hunting, espeeially for the buffalo, and in horse racing-^ 

These beans are often confnsf^d with tlioHc of certain species of 
Erythrina^ which are S4>metimes sold in their place in the markets of 
Mexico, hilt which are not at all narcotic. Sometimi^ both kinds are 
foiiiiii ndxeil together in the same package. Both are known alike 
uzukr the names colorin, frijolillo, and coral bc^an, on account of 
their siaulurlty; but in souUieni Texas the seed of Bronssoiietia is 
known as IjidJan Ihfan, or mescal bean. Tlie plants of Brom^metia 
and Ery'llirina tlo not in the least resemble each other, and there is no 
possibility of cotifusiiig either the IhiwerNor the legumes of the two 
gimera: so that when lululteratiou of the nan'otic iieacis occurs it is 
iindoubiiadly intentionah 

MEXICAN FIJ^lNT woiisriTiv 

From the accounts of early writers U appears that the ancient 
Mexicans attributed to all plnnte n spirit not unlike that of animah^ 
nr even of muti himself. To certain plants B[H?eiul honors were paid i 
others were avoided with dread; while others, with no pronounced 
virtues or evil properties, were little notit^ed. An example U given 
by a Mexican writer of the homage paid to a certain tree cut down 
in order to form u bridge over a stream in AlTchoacan, The people 
of ihe village were calte^l together by the governor and a religious 
sen'ice was hidd about a cross erected for the special ceremony, 
with candles burning before it and choriytors assisting. A prf>- 


* SkluotTp ALiUmcL Tfllwriit Ajntr. AIqi. .Va|L friit. 11 : TIS. 1016. 
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toatiion WHS formeii which climbtidi tljc raounttim where the treo 
w(ia growing. llTicii it fell there came an aged Indian woman 
who. taking ii few of ita branches, laid them on the trunk where 
it had been cut, and, consoling it witli lo«ng words, begged that 
it might not feel humiliated or angry; for they hud chosen it on 
uocount of its mngriifiwnt stature and great strength, and it waa 
destined to span a mighty river, so that all the people of the land 
of ilichoacan might cross oner upon it. And before drugging 
it away they placed upon the place where it ImJ fallen a piece of 
lighted candle which had been left over from Holy Thursday, 
and they repeated in its honor n very solemn litany, sprinkling It 
with holy water and much pulque.' On the next day, having pro¬ 
pitiated the spirit of Hip tree, tlioy hore away the iiewn beam to 
the bridge with much siiouting and jubilation. * 

The Bome author speaks of tlie venerntJon paid by the Mexicans to 
certain medicinal plants and to the narcotic ololiuhqui, the sacred 
naiiiiciit!, the peyotl, and the picietl (toliflcco), “to wlddi they 
ascribe deity and witJi which they practice snperetitions.” 

I.OIUIOPHOHA W'lLUAMSIl. 'rXIE .SO-CAI.r.TO WACRKD SirSHHOOM. 

Bancroft, in referring to the nareotics used by tlie ancient ilexi- 
cans, mentions one which was believed by the early Spaniards to Iw 
a fungus. In writing of their ceremonial feasts, he says: 

Aiuonj; live Inarvillfhta used to tunkp tlioir drlnka More Intartnititia the moHt 
powermi W41H the tfthnmuiaiQ. " fleak of tjod," a ktua of muahiroiii whlt b 
tJie iniKwiurei itiiil wuiwtl the imrfnkur to aet- aunkra anj ijlwrs othtw 
vlB^ooa”' 


^ Tlii$ inforDnntioii was uiHlonbtedly deriT^d from of tho 

Spanish j^adres, cif wlioin^ HeruarUino Siihiigim, writiiifr before 
the year IfifllJ. stiUeg that it was the Chichiraeca Indians of the north 
who lirst discovered the propertieis and made use of these'“evil 
mushrcHim which intoxicate like wine."* 

They were gntlieretl in the territory now northern Mexico and 
Muthi'm Texas, preserved by drying, and carried southward. Tlie 
iuiiaidturits of the Valley of Mexico knew them only in their dry 
s^te. It is also very probable that tiic parly writers who I'etfnrded 
their use hud seen them only wlien dry and never knew them os 
living plants, Francisco Hernandez, the physician sent by Philip IT 
in 1 j 70 to study the resources of Mexico, or Xcw Spain, describea 


whl.t al„ ,l» 

„*f"*^**’ ‘1' (fr mnlitnM iwr H di. IdDlntrini r ^xtlr- 

IBmV" ' inMltw p«ni Ii moarii ■1c< BmpiftB, rtA. im, pp. 

•Oinrnftt. n. n.. XiiiTP anro*, s; aiso, rsTS, 

‘HahiniB. n.'TiwniiuD (mKucan). nut. nb’*™ Ripafi («l tnutiDiDirn s* tia. 
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thtsiii under tUc hendiug** De nanacatl sen Fiingi>ruiii genere.^^ From 
tlte hnnnle^ white musiirDOTn^ (iztRcntirtitcame), rod muBhroomsi 
(tlfipalnancu^iLiiie)f aod yellow ciiiptculiir niushrooniB (chimulnautt- 
c»Tuc), usetl for food, he distinguished them as teyhubiti, which 
signifies intoxicating/*' 

Iti this connection it is interesting to note that this Nahufttl word, 
teyhiuntit or teyninti {from yiiinti, to be drunk)^ survives in the 
form of ttij^ino or teimino in the State of JaliseOp Mexico, and 
tesuino or tiKW'm in iho southwestern United States as the name of 
certain mtoKioating drinka, the principal of which is a kind of bo^r 
brewed from luntted maize; 

t]>m:.nitiNA*rios ov TUB nneo. 

Three centuries of inveetigatioii hsive failHi to reveal nn endemic 
fungus used as an intoxicant in filexico, nor is sticK a fimgns men¬ 
tioned either in works on mycology or phannacograpbyj yet tJie 
lielief prevails even now that there is a narcotic Mexican fungus;, and 
IL is supported by Smi^n in his monuinetiia] dictionary of the 
Nahuati langiiagCt in which the follovring definitlouj occur: 

Tcoimnaciitl, esp^e de jieiit champignon ipii a mauvaia gont^ 
enivre et cause dcs hallacinatlons^ U est mMiciiial contra les li^vres 
et U goutU-^ 

TeyiiLnti, qui enivre quelqu^un^ enivrant; teyuinti nanacath ehuni- 
piguoD enivrant. * 

In oonneetion with his study of the economic plants of the !Mexi- 
cans and the Indians of the southwestom United States the writer 
has sought diligently for a fungus having the properties attributed 
to the teotianacuth As this narcotic was used by various tribes of 
Chiehituecas, and the Chichtmecus inhabited the territory aituatod 
in what is now' northern Mexico and the southw*estem United States^ 
it was natural to look for the pla^it in this region- No such fungus, 
however, vcixs discovered, but m its place a narcotic plant having 
properties exactly like tbofse attributed to the teonanacatl was en¬ 
countered^ moreover, one form of this plint, when prepared as a 
drug, resembles a dried mushroom so remarkably that at first glance 
it wiD even deceive a mycologist (pL 5). It is discoid in form and 
apparently peUato w^hen seen from below* but the upper surfico 
Wars tufts of silky hairs, and a close inspection reveals tlie fart that 
it ia the crown of a email fleatiy spinelc-^ cactus which hajs been cut 
off and dried. Tlie cactus m question, Loph^ph^ra whm 

* *' QttQbUitt Ibctimre Bolfot T^rhidDtl nooLlDfr aqacoiMll funt. et c nilf 0 la faKUin 
TerjcMBl cc^lqrim, rlitim liipppBrtimiuiv condlent. InsAilB^igqde dtim rliBna. Inebcinot Ibia 
pwililt UrmuKJes; Frmficlm ClS14-ia7e>. niit rt Noe* ttlipw ffil Ui>ta4 

&6T, ITDO. 

^KliD^on^ Diet, de le lufoe NblmatU p; 4^0^ 1S$A. 

■ Op. rlL, p, 413. 
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entire^ rt^mhlps ii cnrrot or mdish rather than a mushrooTU;^ and 
when cut intD lungitudionl slices or irregular pieces, would never het 
mistaken for a fungus* Ife chemical properties were investigated 
first by Dr, Lewin of Berlin, in 1888; afterward by Dr* Heffter of 
Ijcipxig* It was ako studied by Dts^ D. W* Prentiss and Francis 
P, Slorgim of Washington* Alkaloiils derived from it have been 
nanied lophophorine, itubalonmo, and mescaline* 

rORNTlTV WTOI NABCXmC nYCfTL, 

Saliagunx wdio de^ribed the drugs of the ancient Mesicans from 
specimens brought to him by Indian herb doctors^ failed to recognize 
the identity of Utc trjonanacatl and pcyotl of the Cbichimeoas^ al- 
tliongh he attributes simMnr narcotic properties to each* The latter 
he describes as follows: 

Tlierc Is na&tJi^r herb* I Use tiuuis* of tlie earth rlt la railed pe tatt; tt la white j 
M Ifl proiliiecd In Ihe rcaintry; thcuse who eat or drink Lt sec vIeEoili^ eHhcr 
fCl^htful or lauahnhie; tlile Intoxlciktlon Itvsts t^vo or three Uoya and thon 
; It is n common food of the Chichlniecna for Jt HusttLtnft thi-^ and 
tlinm coiithj^ to fight Dud not feel fear nor hunger nor thlrat: ami they any 
thnt 11 protects tliem from nil dnii^er. ” 

The plant itself was described hy ITemandez as follows, under the 
heading De Pcyotl Zacatecimrii sen nidice molU et iRniigtnosai: 

Tlie root Is of ncarty medltttn size, eemllna fortk nn hmncliofl nor 

icrounU^, but with « cerfnia w^uiness ndhcrlair to It on accoiint of which It 
otfurd liMt t>o sitiiy Cj^red by me. Both men and womca nnj 9a hi to bn harmed 
hy It It nppenrs to be of a liweetish Ui?te nnd moJenuoly hot Ground up 
and applied to pnlnfiil Joints It in oatEl ro ;g1ve rtUSef^ Wnmlerfiil properties 
are attributed to Ms root (If ony fallh can be stven to what Is commonlj atilil 
nuiongr them on th!a point). It cfituea tho&e devourlnir it to be able to fore^oe 
and to predict thlnjjs; siu-h. for Instance^ as whether on the following day the 
eiucmy will ninke an nttnek open them - or whether the weather will coTitlnue 
favorable; <ir to illsCcrcL who has stolen from, them same menaUs iif anything 
else: and other thln^^ of HSie nuttire which the Ghlichlineeaa really believe they 
have found ont. On which account thl» root scarcely l-Swuea forth hut coiiceats 
JtBoif In iho grounil, aa If St did not wish li> hrtrm thoae w'ho discover it and 
oat IL ■ 

From the above description^ which applies perfectly t-o the plant 
from Zacatecas shown in plate 6, it follows that the peyntl zacate- 
ceiisiBof TTemBndez is identioil with LopA^pA&rft Sped- 

mena of the drug collected in northern Zacatecas by Dn Franci-f E. 
Lloyd arc shown ip plate T, They boar little resembknee to the 
mushroom-Hke buttons shown in plate 5, and it is not suqiriaing that 
they ghoitlrl hii^^o been supposed to be distinct from the tmnanacatl 
by the early Spanish writers, 

1 Tcjb*, Ibfi apnnt^h nnnr the fruit uf the Opuntlo, prlcWly iHar. 

^SallHlIlD ^ |u CUflta ^]t" No^^VU EiQELCIfl HTJttAtqfl,nrj'‘|. 

^Hcmiudii Dc nL»L plant. Ni>T, niJUi, A: TO. IT&O. 
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UAIZ DIABOLICA, OR DUVH/a T^Om. 

(Plutc^ nrMl 7. J 

By this terro ft wns dcssignatcd by Piu|i*e Jos 6 Ortega, who tolls of 
uw by th« Cora Indians in his Hietoria del Niiyarit, published 
anonyiuonsJj at Barcelona in IT &43 and repubUsheil tirakr his own 
name in 1S37. In de&eribing their nocturnal dances be writes as fol¬ 
lows: 

Close to ihe njuBlPlnn wnn sofit^l the leaiier of the sln^lnu liufilnesa 

It WM to mark ike time. Each of thpi^> hn<l lits nsaietaiiUf to take hts place 
when lie sLauld lievoaie fEitlaueiL Nearby- waff r^nccfl a imy nili-Hl with 
wtleh Is B diaWlh-al Iwt tnilK dLabtfUtai) ttuiE Is sromkl up aotl dnink by 
them eo Unit they may nut hecviae weaki?ftci1 bj tlbo ex.huelTei^ta of act 
lonu n functlLiiu whlrh they la^ii hy fortnlnf? aa hir^ n clrde of men and 
women na could occapy the Eimce of ^anml that liast b^n mvept olT for this 
purpose. Ooi> after the otTrier weisl dauciOB In n rla|; or imirklng lltne with 
theJr feet, keepliij:;- La the middle tho maalcinn and ihe cholnunatur wboDi they 
invited, and Jilnal^ In the same UiiTiiatiLea] tune (el nily^mo desooai|Kis£ido tonol 
thnt hv set them. They would itHKT? all nIghL fnim 5 o'clock la the eTenlnf to 
T o'clock lu Uio morutiiin. wlthnoi rfopplnp iior Nmlni; the circle, When Mi^ 
dance was endufl nil BrtwKl who could hohi tlieiiii^tves on their feet; for the 
majority fr^uu the |H?yote naci the wine which they drunk were uaubto to 
mtillse their ktjs to held thammlvea epriBht. * 

The eui'Iy niisaioiuiriD^i were opposed to the drug not a> miit'b on 
account of its physiologiciiI elTccls ujion the Indians but beiranse of 
its connection with certoin superstitiouK rites connected with their 
primitive religion. Eating the tefininificntl, or peyotl, wus declared 
by tlie piidres to be iihijcjst as grave a sin as euting human flesh. In a 
littlo religious mnuiial published by Fray Buitliolomo Garcia in 
1760, for tlio use of the mWouaries to the Indians of San Antonio, 
Te,x,, the following tpiestions, to bo used in tlic confessional, am 
printed: 

“ lias comido came do gvntcl *' (Ilust tiiou onten flesh of tnaut) 

** lias comido cl peyote J ” (Hast eaten the jwyotci) * 

llif naitic teonuimcatl is now obsolete, Tlie dmg is railed bv 
vurioiis names among the Iiidiatis using it—sicori by the Huidiol^ 
of .Tnlisco: hikori, or hitiili, by the Tumliniiiarifi of Cliihuatuia; 
huatari hy the Com Indians of the Topic Mountains; kanmha by the 
Tepebuanet: of Durango; bo by the Mescalcro Apaches, of Xew 
Mesim, who formerly mngeti as far soutii ag Coahtnlu; seni by the 
KIowhs; and wokowi by tJie Crmianches, some of whom formerly 
lived in the State of Chihuahua, Tlie name pc 3 'oto Ims survived os 
a general commercial tem; and the mushrooudike disks from tho 
Ttio Grande region are now widely spre ad among the northern In- 

fOrWea, na<lrf Jime (d. 1T»!. tn«t, ilpj S’aTarIt, (ip. as-sj fp„w > HigT 

itsuml pan fldmlDlutrgi^ Ib* KaaiM SucniDeDtok. rtc!, m. IS. 
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dtatis of the United States under the misleading names of ‘^ mescnl 
hutions” or “meacal twnns,’* as well as under the ^'^nbuatl name 
pryote. 

CEREMONm. f»E ftT THE INDUJfS. 

In a paper by the present writer published in the Joumul of 
Heredity (roi. 6, So. T, 1915) under the title, “An Aztec: Xareotic,’^ 
the author gives an account of the ceremonial tige of this plant by 
various tribes of Indians. The first to bring to public nolicw its 
ceremonial use by existing tribes of Indians was James Mooney, of 
the lliireau of American Ethnology (1891). His attention Lad Wii 
diriicied to it white tuuking investigation among the Kiowas, who 
an? descundunts of one of the tribes called Chicliiuiccas by the A?.- ‘ 
tecs; and it is fmm the ('hichimecas that they declaml they had re* 
ceived the knowledge «f this plant. Like tho Aztecs, the Klowiis 
ascribed divine attributes to the drug, and their ofremoiiy in connec¬ 
tion with it wiis essentially religious. Xot only the iviowas, but 
otlwT tribes now Jiving in Oklahonm iicceive supplies of Uie nai'ootia 
from traders wiio bring it from the vicinity of I.dii-edo, Tes^ in 
olden times ihc land of (he Chichlniecns. Mr. MooneyV account was 
puLlLihea in tlie Thempcutic (razettc of September IB, Other 

ithservers who meiitioti tiiu use of the narcotic Lr>phnphoru are Liiin- 
holtz. who describes the coreuiunies of the Turahumari Indians cou- 
itected with it, amj Diguet, who tells of its use by the Iluicbol 
Indians of tjie mountains of thdistm and Topic. 

Efforts have Ireen made to prevent its spread among the Indians 
of tlie Iiuitod hitato^ An account of the recent prosecution of an 
Indian named KuL-qua-tah-tuck, of the Meiiotiiinee Indian Reaerva- 
tion, Wis., for furnishing this drug to Indians of his tribe is 
given in the authoris paper above cited. It developed in the trial 
tliut there is a rcgttkrJy organized assneintiun among the Indians, 
culled the Peyote Society, holding weekly services jii which It is atl- 
ministered as » sort of communion; and it was claimed (hat its use 
ptit an end to the habit of drinking aloohnlic beverages. Dr. Morgan, 
of the Bureau of Chemistry, gave to the court nn account of his 
experuiients bearing upon the physjological aetion of the narcotic. 

At a meeting of the Tjako Muhonk Conference in Octolrer, 1914, 
several papers relating to the effects of tliis dnig upon the Indians 
w’ero read and afiidavits from two Omaha Indians were quoted, 
irom one of the latter I take the following extracts: 


AltOXQ TtlE OllAttA (NtUAXS. 

At the iDwtliiKs of the aoeiot? « hefore they aJoR they pass the p^te arouail. 
Thoy iieala talcing tills aicaiclae aloei' atiout darlt. and alien tliey naan (t. aolc 
you loa' many yon want, and they oKea trj' to perauatte you to take luore 
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tliftn ym WiUiL Tim mcdti-'jnt lines mi wofk rt&Uf away, hut after U begins 
to take efflciri along tuwiirtl mldoigbt thE?y bt^n iq cry nnd slug ami pray and 
stnml and abake aU over, anil soiao of tbetu just ait anil Hta^ 1 used to sit 
In tlielr ran^e right iilongK und ate some oT their m0il1cili;m+ hut after L ate Lt 
the flr^ time 1 was kind of afraid of It. It made me feel kind of dizicy and my 
heart was kind of thumping and 1 felt like erylog. Some of thk^m told ine 
that tliU* waK tH'raujM* of my alus. It ninkea me nenous, and wIigd I shut lay 
eye^ J klihl of itf'C aomethini; like na tmaife or visions, nmi when ray eyes tire 
open r can't sfOe It ptiUn. One of thei^e follown took IZ beans, or 11! pc^'ote, 
slltlug wiLh ficinie glrliu 

^After I Imvo take 12 peyoto I aaw n mountain witli roails Leading to Uas 
top and [>eopLe drtTS&ei] In white going up Uioye roaiJA. I got very dlxity* ainl I 
began to silm^ all kinds of eotorSf. and arrows liegaii to dy all aretiud me, I 
began to pcrNjdre very freely^ I juiked to bo taken out of drmrs^ At that time 
it was ^0" below reroL I fdt better when I got out of dooia. When 1 went 
In agulQ 1 begun to hear voices* Jm^t like they raine from all over the ceiling, 
and ] looked arouad in the other moin ami thought I heard womou singing la 
there; hut the women were nut aJluwed to aing la Uie meetings usually, aurl so 
this was kind of J^trnnge, After eating M of thoe peyote 1 got Jn«t like drunk, 
only more so, trad 1 felt kind of good, but more good tliuu wJum t drink w'hlsky ; 
ami Then after that I hegau to we n big hunth of snakeH cmwling all araund in 
front of me, and It wae a lialliig like sib If 1 wom cold enme over me. The irvna- 
urer of the Snered Peyote Society was sitting ncftr me, and 1 tutked him If he 
beard young kIttentL It wuiided nif If they Hvere rlghi close to me ; and then I 
eat still for n Iot^ time and I saw a big binck eat coming townnl me, and T felt 
bhn Just like a tiger walking up on my leim toward ran; and when j felt his 
rfnvii'g I lumped back and kind of imide n !w>uhd m If 1 wits aifnilib and lie asked 
me 10 tell bim what was tiio molUif, m 1 told him after a whncL I did not cam 
to tell at hut I trmde up ray nilad theut after what i suw^ that I wmulU hat 
tuke ojiotJwr mar of theee peyolos if they gava me a fid bill* In Uibi Sacnnl 
I'sryote Society they have a form of hapUHta and they Imptizc with ilie tea made 
frolLL ate Wing the peyote, aral tJiey haptii^ ' Id the naiiic of Uie Father, and the 
Ss.ni, aral the Holy GhosC the Holy Ghost being the peyote. Then you drink 
wane of Ihe ten, and they imliu signs on your foreliwid with the tea, and rhed 
take tin eagle's wing ^ml Ian you with LL 1 hetird no i'ilycatf?<l Indian, end he 
wild in u meeting on ^utiEiay raornlng, * My friends* 1 um glml I ain be hen* 
anti worship this nwdlelne with you; and we must orptnlzo a dew idmrcb mid 
hare it me Uke the Mormon Church/ 

VHV. IK AKCIEST MEIEICO. 

From llie preceding description of n meeting of tlio Saci'ed Pejoto 
Society held by the Winnehagos and Omufami in 1014,1 turn buck to 
the fir^ recount we Itnve of the Teoimnitcntl ferista of the 
wriiteh by Pud re Derniirdino Sahagun in the biAteeijlh centurj'—be¬ 
fore Sir Fmnob Dmke set out upon his voyage round the world— 
Ixfom tiibtictro, which the Mu^deitn-H also worshipped, was flrbi; 
li l ough t to England: 

TKl> tlrAt Ihlog eaten at thi> pitrty wns ccrtniu black nnuihrw^tim, wdilcb llii?y 
call naoucntl, which Jntoxlcate and cnmie visionw to be acen, mul cvt-oi pmiokc 

1 nnlkpir, F. Ih, UriTjf>r sail Veyotc a Mreaw to tb» InCUn*' la R^rl at Ihd Ttdrty- 
■«oart AaaiiftE ijkir Mohoe^Jk Coafcrvnw, PctDl»f, pp. fiT. 
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■nuranuHamB, Thc»e they *te hetore the bremh ot (Uy. nnd tliey also dranli 
cBcod (choculote) before ihiwn. The muvhrmiua Utey ate with ainiii lof 
mn^ey atpL iini] when they besnn to fed the ctTcel they tiesan to dnnw; wHue 
eiiuj;; others wejn beentue they w'em nlr«it]y Inioxlmted hy the muehroouw; 
end HHiie illd not wish to bnt seated themieelves In their rauiuji nod 
tnulnul there ns tJ]ou)tli lueUltatlQf. Moiue hod visions Usat tbsy- wtt« ilylti* 
and sh»] tears: othera tma^heil that some wild beast was devourlntt Uwtn; 
others that they wer* CA|itDrln); prlsniters In warfare; others tJiat they were 
rieh; othetB tJiat tloty luiil nmny slaves; others that tliey hud eutnmlttei) ndnl- 
tcry and were to have their hi'acls broken as a penalty ; others tJiat they luid been 
jmllty of n theft, lor whkh tliey were to be cxceuted: and lunny other visions 
were seen by them. After the Intotlcntlan of the mnahrooina had loosed oit 
they nnvarsoa with one another abont the visions which they had swi. ’ 

KAItCOTIC DATt’RAS, 


In early accoiiots of the aborigmes of jVjneriea, botli north nnd 
south of the Equainr, we fmd repented rcfcrem'va to the use of 
various datums as narcotics. The Qtiichuas of Peru put the seeds 
of a datura into their azna, or fermented com heer, to make it more 
intoxicating. They believed that the visions thus produced were 
supcmatHrnl and, like the remote Zufiis of New Mexico, they reisorted 
to datura seeds in order to divine the hiding place of some precious 
obj^ or to detect the tliicf who had stolen it. Tlie professional 
Indiun hechiceros of .Spanish America were prosecuted by the church 
authoriti^' for using narcotics in their practices of idolatry and 
witchcraft, very much as were the dhatura doctors of India for 
^apensing datum to criminals; and in the New IVorltl, as in the Old 
Uorld, datura seeds were administered in various wavs as a love 
[lotion or aphrmlisiac. Anotlicr reiimrkahle parallel may be seen 
m the religious use of the drug. Among the ^Vztecs the ^eeds of a 
certain datura were held sacred and the spirit of the plant was 
invoked to esjiel evil spirits, recalling the exhortations of tlie priests, 
or physicians, of ancient Babylon and tlie necmmiiitcers of metltH'val 
Europe. In the Andes of South America Imlian priests used datum 
^ds to prmluffi delirium, recalling tlie use of intoxicants to induce 
^mfiy by the Pythia? in consulting thu famous oracle of Apollo at 

j Condamine, while exploring the Rio Mnmmm in 
li4d, found the Omagua Indians inhabiting the banks of that 
river addtried to narcotics, one of which was referred by him to 
the plant “called by the Spaniards floripondio 

by Pere re iillfc. • Miss Alice Eastwoial, while exploring .s>uth- 
eastern I tqh, ca me upon nn HbimHnnco of IK she 
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t:iilla litiention to the orcumnce ftf iUs seeiUrM>£ls in the ruins of the 
nncleiLt pt^ople wlio one* * filled this lund &nd guiirded every spring 
with towers of stone.*’^ Stephen Powers fonnd this ^utne plntit in 
use ns an iiilosicnnt and hypnotic by the priests and wirjirda of the 
Yokiits Indiajus inhabiting the banks of the Tiile 
Biver and Lake Tulare in Califomifl.= Dr. Ed¬ 
ward Palmer states that a decoction of the plant 
IS given by certain California Indians to their 
young women to idimuhtc them in dancings ^nd 
that im estrnet of its root la used us an intoxicant 
by the Pab-Utca.* Other authorities state that 
the l^laripo^ Indiana of California 5 including 
the JTcjclies^ or Yokuhi, already mentioned^ use a 
decoction of Datura in the cereaionial 

initiation of their youths into the stating of man- 
homi; and the medicine men of the Huai pais, or liValapats^ belotiging 
to the Yum an stock, indulge in a sacred intoxication by breaking up 
the knvca, twigsj and I’Oot of this plant to make a beverage which 
indue*a an exhilaration accompanied by prophetic utterances* 

THE SACRED OLOLlt?HQri OF THIS AZTE^^S. 

(Plate a) 

This narcfiticj beyond all doubt the sc*ds of a datura, or possibly 
two species of datura^ played an important part in the religion of 
tlie ancient Mexicans and in the practices of their mcdicitie men or 
nocTOinanccrs* 

Sahagiirij iihout lo 61 >j called attention to this plant bi the following 
words: 

Tli,ere la on which I5 calieil ctMttIsosatilwitil l^reea iiuake It 

iirnclnces a mllcHl naHlubaal which Intoxicates ami cauMs^ znadtif^B 

It 1ft ndminiFteri!d In potions In onler to harm to these n^ho 

arc irlijtfclfl of lintr^iL Those whe ent it lia™ vIeIoos ot feorrut things Magt- 
ciiLQ!i or wlio wtsli to hartn name uno aUmlniater ft iu food or drink. 

Thla liurh la iDciUelrtah and Its seed Is used m a renwflr for goat^ groond up 
and appllet^l lo the part nlfectett* 

In other accounts it b stated that in Mexico it wns believed that 
this plants like the peyotl would give to those who ate it the power 
of second sight and prophecy, by tneon^ of which they could discover 
the identity of a thief, if an object had been stolen, or roultl predict 
the oiilorjrne of a ^\a.T or the intended attack of a hostile tribe. 

In the descriptions of ololiithqai there are many discrepancies, 
owing jiogasibly to the fact that the same nanic was applied to two or 

- »#* Cuntr. Sorth Amcf. Blhn. 11 W «ad 420. Ii77^ 

■Ani^r. NaL l9;f»C. IStS. 

* Sms* JoIib O, Ob |Ji«i PonJqj' with Cfw>l* p. 
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Diore plants with flowvnj resonibling DMirninp-glories. llaroBndajs 
(151'{-1S?8) in all probability never saw it growingr, anil fi^pircd it 
as an Ipomoea, but ha indicates its rolationsiiip by suggesting that 
it may bo the. same as the mtmittiMnx. of Dioscorides, iiiui 

I*aclre Serjia, who Ukewbai never noticed the plant itself, described 
the seeds as resembling lentiJs {seiiulla a iiioilo de lantejas ejua ibiinan 
ololiuhqui). It is inU-resting to note that Acosta makes the same 
comparisons in his description of tlie Enst Indian Datura mrtel^ 
saying that it lias flowers like the plant cal1c«l in Spain corregiielii 
mayor (greater convoivnhis) and that its fruit is filled with seed of 
the si»!e of lentils (todo lleno do ima siini^nte liel taiuano do tontejiis). 
Great %'efteration was paid by the Mexicans to the ololiubqui ns well 
as to tobacCT) {pLcietl} and to the narcotic tL-oti ana call, or peyotl 
{Loph&phora WtUumutii).' To tlicse plants according to Padre 
Serna, the Mexicans useribcfl divine powers, with which they prac¬ 
ticed magic. 

The methods of the Aztec titzitl, or herb-doctors, in casting out the 
evil spirits causing sidnies^ are remarkably like those employed by 
tlie priests of ancient Babylon and of the island of Haiti, The 
spirit of the powerful 01oliub<[ui a’as invoked in the following 
words: 


Oouw tuiw, came hJihf;r, Oma Womnn; behold the green hmt [fever] nmj 
tli« brown hwt; retnovc tlieit the flsiuiliijs or scarlet heat the yellow bent or 
liy tliiK token t scDil ibee U> the seven caves. A nil, 1 do cuiumahij thee, itu( It 
not eff till tomorriiiiv or onoUier day; for sooner or later tliou wilt be cwnpelle^t 
to do IL Who is the god—the bd iviwerfhl aiiil ifiiiterlor one—who Oir deslmy 
the work of thy bandH? It Ijt t who coinmiinil IL I the iirincc of encbnntmstiL' 


THE UHE or OATtmA ItlTTELOmCfl BT THE ZUNlH, 
[Plate 0.) 


It seems strange that the property of giving the power of second 
sight and prophecy, attributed to the ololiubqiti by the Meskana, 
should bo similarly attributed by the ancient Peruvians to Datura 
mngmnca and by the Zunia of Xew Mexico, so far remote from them, 
to D, tfutdaidtn^ with which the ololiuliqui is iindouhtodly identjcal. 
Ilf re. Matilda Loxe Stevenson in her Ethnobotany of the Znni fndians 
relates a pretty legend oonnccted with “ this precious plant, which is 
Mlieved to ha%‘c once been a boy and a girl,” jTsembling a storv from 
Ovid H Metaniurphoees, Plate l> is the photograiih of flowenj and 
fruit of a specimen of Datura meieloidet, two-thiirds natural sbse 
made at Sacaton, Ariz<,TUi, by Mr, Hartdd iluqiby. It was secured 
by ttie writer through the courtesy of ilr. Thomas H. Kearney, of 
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the Burcan of Plant Industry, The plant is identical m all respects 
'n'lth smiilor pbnts preTioiisly collected in various parts of 2 i[exicn 
and the southwestern Uniteil States by the late Dr. Edward Palmer^ 
who caller) attention to the use of the plant at the present day by 
$cvcni] tribes of Indiana as a ceremonial and narentic. 

ORIOIN or TITE NAWK JI^ISON^ Oft JASrEffTOWN WEED. 

(Ptfltc 10.* * 

Tbe narcotic proi>orties of P^itura were knem n to our 

own southern Indians as well as to the Mexicans.^ Hernande?: calls 
attention to the fact that its fruit cau^s inssanitY if eaten mean- 
iidualy. That this is tme is shown hy the following anecdote taken 
from llobert Beverly’s History and Present State of Virginia, in liia 
acccuint “Of the Wild Fruits of die Country,” It appeaiis that the 
soldiery $ent to Jamestown to quell the uprising known as Bacon'a 
Kebellion fl0”6) gflthered young plants of this species and cooked 
it as a potlierb, 

Tlie i/rrjwcjf roirn <w’hlch rescEDblCH \hv TJioray Appio of Prrn, and I 

lake In >rf« tli** Plaat w call'd) In KupriOAefi to he one of Uie Frn.iit<?£l Coolcni Le 
tHc WofinL TliJ« betnR aa early Plflut, w^ai^ ijatherVl very yiauna fnr n botni 
Ktotnd, by Honie of die l^nlilTers sent thither^ to imemc tlio Traabk'S of tiarrm* 
nml ei>me of thrm eat pinttlifully of IL the Effect of wlildi waa a very 
f’omeiSr; for they rtiniM uatarid Fools aixin It for several hays: One w'ouTd 
blMw ap a Ffwlhi^r In the Air; tiaotlier woiiTd dart StmwA at It with luiich 
Kiiry; and antithfr Htiifli naked waA tflttlUff up In a (kirner, like a Mootey, 
(rrlnnlnp nnd making Mows at thcTii; n Fourtb w^ould fondly and paw Ills 
Ooaipd.iiEonA nutl noi^ar to their Faces, with a CauntermTice more aulick, tlmo 
nny in a tHti€k l-^roll. In this frnntlek OomjiUoa fliey were eonlliii:^!^ Ii^?it they 
sboulil In their Folly iJ®flrtiy tliemselvoB; Ihpurb It w-a& obson'od. tliat ah their 
ActlotiH wiTc fait of InnDcenee and ewi Nature, Indeed, they wens not very 
elGUiiJy; fitr Ihey w'onld imve w^allawM Lu their own ExcremenUi, If tJioy had 
not boon preA-ootefl. A ThoaKaml sueii simple THrkii tbe>' played, nml [Lftf?r 
Eloveri retumM tbemsfaves attain, not romeEubrluR any thlnp that bind 

THE IIUACA-CACHTJ OP TEBU. 
iPlate JLI 

Tlie nnrcotic effects of Datum sanguirt^a^ known in Pent as Hua- 
eaciichu, or Verha do IIiiRcm, have been described by several tnivdcrs* 
Tscbudi, w ho found it growing on the docliv ities of the Andes above 
the vilingo of Mntucanas, repeats the statement tif Hiimbohlt that 
frruii its fruit the India ns prepare a v^ery powerful intoxicant which 
they call tonem, i>n wdiich account the Spaniards named the plant 
bormebero. His account is as follows: 

The Iuhllnns boUmr'o tlwt by drioklng the tonim tb^y an* brmii^ht Inin com- 
mnniaitloii with Ihr HjilrltK of their farefathcfit I one* hapJ pii oppc^rtiinlty 

1 Itp arrlTr prtn^lpl^. datarip^, hmw IdmHfl^d Mth thr il^ftlold hXtouIw t^f whlrh 
It t» a p«f«rf ^livtlemci in lOl* mir ftrni In thr rtslted SImIh uhNI cwb ■ Imlf 
tnll1li»n >11 |KHin 4 ^ <>f IUIp pl^nt for Ihr maunbi^niirr af aErr>plQ«’. 

* [ tflitniy Rud PrtWmt OtmU nf Vlrttnu! Uk. ii; |i, 34, ITJUH 
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Qf cbfsenntiff nn Indian undt-r \hv influence of Ualfi lirlnk. ShurfJy after havlD^ 
liwiiiliiaeci the tHiveruge be Ml ItiUi a lij*avy stupor; be ^at wSih hJs eyes 
vQcaiitl/ fixed on the ifTi^iund, hb< mouth muv'ubitvply clu^eih and bttr aostrils 
In tlie eourse uf ablaut ii quarter of utt h^iiir bis eyes iK.^a to mil, 
fuum tssnet! from his Imlfnitpened llptfl* and hln wholo Iwnly wua uglLntisi by 
frSjrhtful eoavuLstoliO. The*4f violent Kymptniaa bnvlD^ mitv^hle^h a profoand 
sleep of sevoruJ tmiirM wnmeetled. In die evenlni; [ agulu *feiiw this InUliiru He 
WM relJttiig^ to It olnrle of uttentlvo Ihtoui^rK the luirdeulurM of hlw rlakin, dur- 
Inj; ^hlcb be ellE^od be laid held couimnnletitlun wUh the spirits of Ida fore- 
futbeni. Flo u|i|ioarLH| very weak und eibnasteiL 

In funner diues the Indbin wbcii ihpy pretemloil to tranarioit 

Ibeuiselves lute die prei^enee of liadr deitEes, ilruak the Julee of ihe tliofp- 
npple In order to work tbeiusolToa Into a slate of ixrstaHy. Thoueb the ostub- 
ILihuieiit of CJirlHtUinlty bus weaned Ihe Imliaus from tbelr Iijolntryv yet It 
has not bonbiheil their old Huporotltloiis. They still bello^o thnt they am hold 
eumiimuiejktloia!i with the spirits of dielr ancestors, and tbqi ihey enu iibtaln 
froiu dioin El elue to the mncetilLHl ia the 1iuden.% or ^aves; hence 

the IndlEin iiiiu>ii^ uf iJte thora-appSe—haReiii:^ehu, or grave pbiob 

Hiimboltlt und BpoplMid, who collected Batura on the 

bunks of tin? Jiio Mayo, in Xew (irunudut stute that the tiutives be- 
lievo tliut tlio prepared from this species to be mom i^fBcacious 

as a narcotic thun that miido from the white-flowered Batura arb&rea 
mentioned ubave. It is from ihe account'of these tnireUm that the 
stdiy of tlie Peruvian prophets is taken. The Templa of the Sun in 
which they officiated was iit Sugamo^£l^ in the interior of what is now 
Colombia. Dr. Santiago Cortes, in hia account of the medicinal 
phmts of tlie prmriiice of Caucii, C^olomhia, says thut tlirre are many 
stories and fiiblesj relating to thia plant told by the natives 
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TJifl mosft iraportmit EliniiilanI: of the imcieiit Penivlnns was Frt/- 
throxt/l^n Cora. Spwiinuiifl of its 3-rihbeci leavts were found hj thu 
writer in miiny prebjstorie gravijs nloug ihs Peruvian coast, usually 
in bags suapeiided from the necks of mutnmiea, or m bundles wrapped 
in cloth. Some of the coca bags, or pouches, were woven in beautiful 
and intricate designs (pi. 12), often representing conventional figures 
of birds, tnammals, or fishes. Ail were accompanied by small gourds 
(a variety of f^utfwr&ifa iaffotutria) containing lime, and a spatula by 
mMns of which the lime was dipped out. In place of lime, wood- 
ashes were sometimes used. The use of lime or aslics to set free tho 
alkaloid contained in the leaves recalls the same custom in connec- 
^1!!?+T'^ tt betel of Asia, the pjptadenia snuJl already mentioned, 
n ^‘en tobacco ’* of the Mexicans. That its efficacy should 

are independently discovered by the primitive inhabitants of 
such widely sepamted regions is remarkable. The iime gourds were not 
T ornamented, and in those discovered in some localities, 
especially at Arica, on the coast of northern Chile, the spatulie were 
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of carvijd bone, many of them of beautiful de«iign3f md the gourds 
wciie siispenilet] by carved bone toggles resembiing .Fapunesc netsuke^f 
^ipecimeiis of the latter may be seen in the Field Afuseum at Chicagi>- 
Two packages of leas es from Peruvian grave4a sent to the Smithsoouio 
Institution by tlie bite Henry Meig^ tbc builder of the great trans- 
Andine rjiilwuy from Callao to Oroya, were found by the writer^ on© 
bearirig the laW “ tobacco,” the other Paraguay ten.^ The contents 
of both of these paerkages proved to bo coca leaves, easily identified 
by tlie pseudo-rib* c^ctencling on each side of the midrib from the 
base to the ai>e^* 

In tliB accompanying illustrations plate 13 i& a photograph by Mr. 
Grover Bruce Gilbert of a spi'cimcn collected by Hr. O* F. Cook at 
Santa Ana, Penit during hiis recent mission to South America.^ 

Tixd Icavi'S of Coca, wbidi from remote ages have 

been used by Soulli American IndiaJis as a stimulant, are tli© sou roe 
of cocaine^ now so widely used in surgery to deaden pain and also m 
a narcotic. Like other narcotic aLkaloids, although it is a gi'cat 
bliissing to the human race when wigjeJy usrdt yet w^hen tibuaed it is si 
terriblo curse* In Peru the use of coca by miners and cargiieros is 
still common. Tlierc the entire leaf is used. In North Brazil, where 
it is abio extensively used under the name ipadd, the leaves aiv» grounil 
to a fine powden Spruce, wiio saw tlie process of preparing the 
kavis! near the mouth of the Hio Negro in 18al^ gives tlie following 
nccount of it in no<ik<^r^s Journul of Botany for July^ 1B53: 

Tbo 1.4^1^ of JnaUtt are ranee] ulT the braachNZS oao bv omt and rjafltctl <iu 
tbi.‘ iiLUTidlecea-aten, then rnundihl la cyllialrical mortar, 5 or 6 feet in 
made of the lower part of tlio trtiok of tlie I*uuaubu ar iVftch ralm {(ruiiUhwt 
the bftrtl rtKit formhi^ ibe Imue atal the stift Liiaide fctelia; i^ftaiped out. 
[[ Is Qkuile of ihia ciceta?Sv 0 k^Etli of ibe Imivalpablo ualure af ihe 

poivtler, which would -otherwise hy ur and ehnhe the operator; and It la hurled 
n sudJdc^kt depth |u tlw prruand to allow of Its betas eaallr wqtht?ih TTlie pcatla 
bt of pnyi^krtluaEitq 1eit£tb and Ip made of nby tmri) wood. Wlwfn tlkC UsiTTe^ art* 
BuJIlcleally jununJeil thq |H)wtler li liiken out with a sthhU Lmj'a faritoned to Lba 
end of oil lurow. X snaall quantity of taploea. la p-wvder, la mlxfll with It to 
j?lvq It cohsrtFiteticy+ and U Ih usual to ndd poumle*! aahi^ i>f laibit-dba or Dnmi 
ln*e f (?crrapte which arc saUnq and ntitlHeptk. With a chew of Lpada 

In htB check, at IntervalM of a tow hours, an ladiaa will (to for liay* 

without and 

In April* 1.SS2, 1 ll3.■?lJd.^^d. mucli aBahest tuy win, at uu imhaji feast in a 
little ruchy lulaad at the foot of Ibt* falls of the Rio Xi^po-a^ for 1 hnd jpuie 
down the falls to have tbre© or four days' hcrhorl^ai;;, oint t found my host- 
tin? pilot qf the commetH-^—cooped Iti the festleitli^, which nelLhiir bi* nor 
my niiin would i™ve ontU ibe last drop of cauuu (eoartw cane or plahtnlu 
spirits wua ccusuiiKMh l>nrfu(i; the two days the feast Vjisted I wa.i nearly 
fniatHhiHl, for, altbimjdi aobody would txMt it, and the 

euytalae^l tbeniKclVi'!^ imtlfely *ui cimlin anAl Ipadd* At ahort Intervals ipndrt 


Mr, Cook'a paper ratlU'wl •'fitalraUe TAraut qr tM Aat-diatp^ Ih TM XatlaaoJ 
OegempbEc ^asailiir* Z5i: 474-&S4. Wajr. UUO* 
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Muded aEtmnd in u lur^ €alAb4i9li vritli h tablcspouD for m^nh Xo 
i^imseJf. the cuiitoiiiiiry di»e belDE; n couple of spcroofulM, Ali^r ^-Qjcb A^y^* 
tlic^' paBsetl 30IDO mLnutce wiiliout opauluj; theLr mouthy udjuntloj^ the IpndA 
la the reeessea of their choets aad luhalLuK Its dellF^tfut Imluouce^ 1 eould 
umrivLy re^lKt Lnitithlas at tliolr swolleu oheeJos and grufe looted during these 
Inlidrvnhi of alleticre; wldoli^ however, had two or tht^e tlihiTl the excellent 
effect of clieckloij itu IncIpL&ut quEirrel. Tlto ItiodO Ik not ^cked, but allowed 
to find Its Way ItiAensltiSy into Iho stomacli Altuif; with the siiUYB. I trtiHl 
a spoonful twice, but U hod little effect on nnd ru^uredly did not render 
mo Inserufthie to the c&ila of bunker^ ^lUioonh It did In aomu ojeuKuro to thnee 
of sleep. It liJid very little of ellhor JOneU nr taste, and lu both netntnilftl 
me of weak tinL-tute of heutiune. I could ueYor make oll tlnit the Inihltual 
uae of Ipudtl hud any U1 results on the liXo Neitro; hut tn Peru Its exe^aivo 
mse IK auhl to KctloUKly Injure the eoats of ihc aboiuacih, nii olfecc probably 
owliu; to the lltne taken uloa^ with It 

AYA nCASUA. QU DEAD MA^■^S VINE, BANJ^Stl^UIA EAAPI. 

Richard Spruce, in hiiB STotis of a Botnnifit on the Amnston nod 
Andes, describes a remarkable narcotic plant, the botanical identity 
of which be was the &r&t to discover^ It proved to belong to the 
giemis Oanisteria, and it is the only meniber of tlie family I^falpig^ia- 
oeae thus far known to possess narcotic properties. For its specific 
name he adopted the oonunon name by w'hich It wua known in 
Bra!:il and Venezuela, caapi| signifring in the Topi language ^Hbin 
leuf.^ 

Ca&p^i Spruce has a twining habit of growth. It ]ms 
tbinnl^i opposite leaves w ith OTal-icummute blades 15.4 by 3.3 inches 
in size with petioles scureely an inch long. Its inllorescence is in 
the form of 4-fiowered unihel& llie Hywers are composed of a 
5-parted calyx icud S^clawed petals, 10 stumeji^, and 3 styles. The 
capsules are muricatO'Cristate, prolonged on one aide into a green¬ 
ish white semi'obovate 

The lower part of the stem is beaten in a mortar with water, some¬ 
times with tlie addition of a few slender roots of the empi-pimmot 
an Apooynaceous twiner with red-veined leaves belonging to the 
genus Haemadictyon. Whm sufRciently triturated it b stmined aud 
enough w ater is added to It to make it drinkabla It forms a brown- 
ifih-grcen infusion w'lth a disagreeable bitter taste. 

Mr. Spruce describes the ceremonial drinking of caapi at a feast 
held at a village above the first fall3 of tiue Bio Uaupfe* It is accom¬ 
panied by the greatest solenijiity^ and h premled by the sound of 
the botutos, or sacred trumpets. On hearing these every woman 
seeks seclusion in a hou^ with all possible haste; for merely to see 
one of these sacred instruments would be to her a sentence of death. 
The night was spent in dancing. Betwreen the daneeo the young 
men partook of the drink* a few at a time. The formality attending 
the dispensing of it recalls that of the black drink” c4remony of 
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our eoutheatstern Indians, and the aatoe is true of the in bone imposed 
upon the women!, who were not peruiitted to touch or t&-ste either the 
can pi here descri bed or the black drink of our southeastem ludi&ns, 
which will be described below* 

III presenting the caapi the cupboiirer ttins quickly from the oppo¬ 
site end of the house with a small calabash containing about a tea- 
cupful in each band, muttering “ Mo-mcMmo-mo-mo ” as he ruos^ and 
gnnlutilly sinking down until his cldn nearly touches his kneerij he 
prem-iils one of the cups and then tlie other to the man for whom it 
is mU-nde<]« 

In iwe mlaotc^ ar lew* after drliiklu^i It, lUt be^io t* t*p nriwrenL 

The Trilllaa turns Ueoillir tremtil^s In e^vry Unit), iiaO biirrEPf ht tn his 

nspfvt. SnilOenly evtitmry syaiptems KueeeefI; hursts Into a pi^fwplninnn, 
am] scvmfi^ p«®e?iwil wltU o reckless fury, wlmtever amei arv- at huiMl, 

Ills iiiuructl, Ihjw* and cirrowB; or eutlass, and rushes to the doorway, whom he 
fnCUi^ vlou-nt Idawa oa the in^und or the doorjjcmit, cnIliDg out all tise w'hlle> 
"thus would i dii to ailoe enemy fanniEDK hbn by bis name) worn thin ho!" 
hi nlHiui le minutes the eicttemmt tiius j)aE^l off ami the Inillon j^rnwR ealui, 
but Bfinearfl exhnueteds Were he at home in bln bat he w'oald ntf^ off the 
remnlolug fume^, but miw be mu^t Hhuke off hb^ drewB^aesa by mmwln^ the 

ibUiLlOs* 

Spruce afterwunls wittica&eil the use of this plant by the Indiani^ 
inhabitAting the northeastern Andes of Pcnij and saw the plant 
it^lf grtiwing in Ihc viUngcs of Canelo^ and Piica-yBcu^ inlmbitcr! 
chiefly by the 2aparoa Here it was called by the Qiiictiua name Aya- 
hiinscu^ which signifies I>ead man's vine.'^ The frdlowing is a suni- 
lUfiry of what lie lea rued concerning it at Puca-yAcu: 

Aya-huasea Is used by the Zaparna. Auiual^roH. Alazdnc^ and other trltics 
precisely os I mw eaiipl usftj on the Uaop^ vli, as a tinmdie flllinulaiit at 
their fitrushH* tt |j also drunk by the t£ii>i|le|]ie luiin, wltcm CfiUed on to adjmll. 
cote Lu ti dhiimto or duurrvb iti tjtve Um* projufT nuBWfr to an cmbD^, to dhi- 
^•over the piaiits of an enemy^ to leO If stranj^iers tire i-omlni^ to usc¥rtnln If 
wivep lire unnilthfab In Oie case of a idck mim to leli who ims bewItelAHi 
him, ete. 

All who havt* poirtnkea of U feel And TertfKOH then os If they rose up into 
air nmk were Jloiitln]^ about The Indiatis my thfy we beautiful lakes, wuqda 
laden with fruit, bbrds of hrllllant plmnaKO, oic- ikioii the scene ohahEva; 
they ktavuoe lieastii prepiirloj: to seise tbeni; ibey eau no Ioniser holil 
themseli'es up, hut fall to the KrohmL At ibla ctIsLh the Imllau wakes ap 
fMiui bits trance, aial if he were not hehl dowa In his hninmcKk by force, he 
would st>rla^ to his feet, seise bla arrm and sttock the Srsl person wiio 
stood Ln his way.. Then ho hecetMs drowsy^ and finally eleepA If b# tie a 
medicine naan who haa taken It, when he has aJept off the fumes ha twiUa 
oil he MW In his tronee, ami thereupon flcducoi ihe proplLecy,. dlvlnatlan, 
er what tvcil raquIriaJ of him, Boya nre not allowed to taste aya-!iiiasi:v before 
they teach pula^rly, nor wnmen at any aire, praciacly as on the UaupC>^ 


» Althim kpn]«!c. Sfltto *t a Uotaflljit on tb# Aiaann aad AiuIh, t : StCMSa IJHW^ 
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VllliiTioinciQ iuiys (in hb Ge^grafin d« b Kepublh^ ikl Ecuadr>rt 
p. 373, 1858): 

When i liuvfii pnrtfiken of aju-liuiiBCH, mjr htifltl liiyi Imicoedkfttel^ ta 

ihE^ii I have to crite^ on an norfial ^'heroin 1 tlioui;ht [ 

Piiw tike iDOHt ehuniilnjt laniLKearit^ nr^iit tnftj lowerft, beautiful jiurlc.^ 

urn] other (Jcilt^htful tiling Tlieu aJl at uttce I fijuntl niy^li 4|i<?ierte^l in u 
forv'fi^t aiHi EkttikelfOct hy bthiabi of ELJbalro?t wbLeti 1 Irjed to Uefoml nij^aelfi^ 

Lii^ly, I bo^u to eoino rouiitL but h^UJi h fee^ltnf of drowalne^SH, 

hoiirlnrhe, pj:c| j^eJwml irmlntpe- 

ni]ji in nil I liuve stepti HUil |earri<rnl of ctmiil or u^'n-huiiEU'^. I heln^ 

kiiiikhio hi tell whel In thi^ pctTiltur norrotJe p^uelple that nrtKlm-eft fuieh ei- 
tfflorfHikar>^ olfi’M^trt, Opium iind lieiiip nre lift iiviiwt obrlou» nniLlo^-iu^ but t?unpi 
ivtiulil ‘iet'iii to operQte ou the nervotiA itytdeEH far mare rapidly and violenny 
ihHll id liter* £^nue tniveler wlii> may foltnw niy with Rrenter 

fit lilK coTninamJ win. It Is to lie 110111*11, tn? abTe to Wtt^ away mmerlnj.^ 
adequate far the e^unplete uaalyiRl.^ qf this eurlous planh* 

III the tiltove nccoutti tlits tlesvriptLO!i t>f the hnllueinutians cati^ 
by the nureotic cHtipi, nr aya-hnascn, n ri'mnrkfihlc paralle! will be 
found with simitur *?(fects of Loph^ftkora WUliaiutii^ tlie tmrcotic 
cactus (if the Asstet^ already described. 


ILHX TRAS. 

^Vmorigthe important stitiiiitants, or restoraUve;;, of ancient Anierioa 
were tea-liko infusions and (lecoctions prepared from several species 
of holly, or ilex—in southern Brtuiii and Paraguay^ from lU^ para- 
comnionly known ns yeibn mute; in Korudor, un ilex with 
mijeh larger leaves^ called guavusa; and in Florida, the Cnroliniia, 
and Texas, //« vomitorit}, called enssine orymjpon, the sooinw of the 
celebrated ceremonial “ black drink." All of thcise owe tlicir stimu¬ 
lating virtues to an alkaloid, which Has been identified with caffein. 
Prepared as a simple infusion by pouring hot water on the leiivc> 5 , 
ns in brewing the verba ninte, the effect is very much like tea itstdf, 
When boiled for a long time, as is the custom with the guayusa and 
cassine, the decoction has tlie effect of an emetic. It is interesting 
to note thut in localities so widely remote as Ecuador and Florida 
the aboriginal inhabitants habitually used decoctions of ilex as an 
emetic and believed tltemselves benefited by voniiting. Tliut the 
stimulating properties of two very closely allied plants like Ih-^ 
ptav4faariemis v,j\6 I, should have been independently dis¬ 

covered by tribes so widely separated as the Guaranis of South 
America and the Creeks of Florida is also remarkable, and especiallv 
jQ view of the fact that the leaves of the plants in question weii 
subjected by the oatives to a ajmikr preliminary process of scorchine 
Ufore they were us^. Another noteworthy feature connected with 
the black drink IB tlie talwo impoaed upon women by various tribes 
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of the southern United Stites in connectiQti with its ritual^ 
has remarkable parallels Ui the cu£tt4>ms of various South Anierjcan 
tnbes in conneetjon with their rituals aecompaiiylng the preparation 
and use of certaiii narrotic^- 

UJIX rAHAUUAJElE^LMJS, Tll£ TCaUA MAIT OV nAUAGUAT. 

The use of the leaves of para^uarie7t^i» by the Guarani Indians 
and their noiglibor^ mUEjt have begun centuries Ijeforo the dijiCovery. 
In pre-Columbian times the plant was known only in it$ wild state^ 
but after the arrival of tlie Jesuil^f its cultivation was successfully 
imdertaken in their minions in Paraguay and Brazil. When they 
wore expelled the pkn tut ions went to ruin^ but the industry wa$ 
reaumed nt a Inter date and is now of great commercial importance. 
Acrordiitg to a. bulletin of the Pan Ainericun Union issued in May, 
lOlG, Uic value of the prepared leaves exported from Brazil amounts 
annually to about. ^*727^000. In 1915 Argentina received from 
Brazil about 48,000 tons atid 3^00 tons from Paniguay, The plan-^ 
latioDs of Paraguay were formerly gnardcNj with jealous care. Bon- 
pktiiK the Ofjinpanion of Humboldt^ was imprisoned for many years 
by the Paraguayan Government for alteinpting to export living 
plants and seeds from Paraguay to Euro|>e. For the methods of 
propagating, cultivating, gathering, curing, and packing yerba mate 
the reader h referred to the Pan American bulletin cited above. 

The writer first encountered the custom of drinking Paraguay Tea 
in Uruguay, on an expedition with the eminexit botAnist. Don Josfi 
Arechavftkta and hk botany dass of the Kational College of ^ledi- 
cine, October 1^ 188G. The locality virited was an i^tancia, or cattle 
randi, not far from the railway station of Santa Liicin. lie recalls 
w ith pleasure the band of young ^udeoU, many of them wmring tlie 
picture^uo costume of the gauchos, or cowboy.*^ of the pompao— 
ponchos of gnanaco wool, broad-brimmed hata, knives thriLst in em- 
boKtied silver st^bbards, and diver spura At the station horses were 
awaiting many of them with silver-mounted bridles and saddles with 
heavy silver dirrups* After filling ixjitfolios of drying paper with 
the beautiful spring flowers of the [lampa (there were acres and 
acres of scarlet verbenas) yerba mate was served in gourde (f%cur- 
hiia These gourds, called mate* or mati in the Quiebun 

language, give to the plant its name. The infusion was sucked up 
sculding hot through a bombillat a fltlvcr tube terminating at the 
lower end in a hollow iierforated bulb, which served as a strainer, 
A single gourd was p&ssed around a circle composed of gauchos and 
students, each taking a suck at the bomhUk in turn. To have h^- 
tated to follow tlieir example would have caused rsiijentment. ITio 
infusion was not unlike tea, but morp astringent, and too bitter for 
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Uie taste o£ M novice:. Its effects were undoubtedly stunulating, very 
much like strung tea- During a continuation of Uis cniise the writer 
encountered yerba mate ut Pimta ArenuS| on the Strait of MagellaEif 
and at various ports along the coast of Chile; and later ho found it 
olFered for saile in ttic markets of Bolivia.^ 

Ihx paragu<^ri^ie^-» is an evergreen shrub or siiiali true with sliortt 
petioled^ gl^^jT oblong leaves 15 to 20 lung^ acute or rounded at 
the apex and wedge shaped at the base, with the margin remotely 
toothecL The inflorescence consists of clusters of small flower^ 
growing from the leaf axils;. The small globose fruits usually con^ 
tain four hard nutlets. The plant grows in Paraguay^ especially at 
Villa Beal, above Asuncion^ and at Villa San Xavier, between the 
Kivers Uruguay and Parana. In Broxil the principal localities in 
which it is cultivated are in the State of Pamnflj Santa Catharinas 
and Rio Grande do Sii!. The prepareil yerba cliffers in quality^ 
The more common kind, called giio^u, Is produced by pounding the 
scorched leaves in mortars in the enrtli* In preparing a finer gi'ade, 
called caa mi rim, tlic leaves are earefidly chosen and deprived of 
their midrib before roasting, and the caa-cuys of Paraguay, the 
finest of all, is prepared fi^mi the scarcely expanded buds and young 
leaves^ 

THE GVTATCSA ILEX OF ECVTADOiU 

An Ilex resemhling tlie yerba mate, but having much larger 
loAvcSf was found by Kichard Spnice in Ecuador, where it wns used 
by the Zaparo and Jibaro Indians inhabiting the eastern side of the 
equatorial Andes. It w^as called by them gtiayiLsa* Spruce could 
not Satisfy himself as to its specific identity, for he wna imable to 
secure either flowers or fruits for comparison with herbarium nia- 
teriaL Botanists have not all agreed a& to the delimitations of the 
various apecles of South American Ilex. Some have treated variuuu 
forms, distinguished by the sixe of the leaves and otJier differeuces, 
as varieties of a single species; others have regarded them as 
botanicnlly distinct* According to Miers several distinct species ai'c 
used os a source of tea, including Ileitr /. L 

/. and A nigrofimctaiii. The genus needs 

further critical study^ 

Spruce found the guaymsa planted near villages and on the sites 
of abandonee] settlement^ at dovutiuns hs great as fi^OOO feet above 
Boa-leveL In 1857 he observ'ed a gmup of these trees in the gorge of 
iJie Eio Piisiaza, below the town of Bonus, which were supposed to 
have been pknted before the conquest. He descril)cs them os 

SaCTiinJ. TV. K Thfr Burn uf Oiad* Orlufllji].- Onl!. Tomy O^itABErtl CIdIk 
14: 1887. 
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unUko old holly in England, eicept that the stiuung leaves were 
much larger, tbinitcr, and unarmed.’^ Ptiritig bis truvob ho found 
guiiyiiiin leaves to be a good substitote for tea or coffee. As 
pared by the Jiberos Indians, however, the infusion la so atrong tliat, 
like the bliii'k drink of our own Indio ns;, it acts ns nn emetic. The 
gtinyiiftii pot, CHrvfiilly covered up (like the jxits in which the hlnclc 
drink WHS brewed), was kept simmering on the lire throughout the 
night. On awakening in the morning the Indian would drink 
enough of the guayusa to make him vomit, his notion being (lo would 
Iw Iwnefitcil liy the operation.’ It la interesting to note that many 
liidinu tribes both of North and South Americn pnieticcd certain 
rcremonicB attended by purging or vomiting, behoving thul therehy 
they would be freed from evil, 

TILE SI.ACK UHl.Va OF FlOSjUA AJin TILE CAHOIJNAM, 

(PlulCM H and 15. > 

/lev vofrtitoria takes ita specilic name from the emetic effect of its 
concentrated infusion, which under the common name of “black 
drink” was used eencmonially by several tribes of our floutbem In¬ 
dians. Mark Catesby, In bis fiortiis aiucricaniia (ITfeS) speaks of it 
as follows: 

The i-rtprm Ihe Anterrcnr Tnilluns have for this Khruh, fnira llif' ureal use 
ther Hiake of Ir. rt'cuJerit it nw«t wtirtlij- of nuUrv. Tliey any Its vlrtuM bavi* 
Thpoa kmiw'u rukuiu Hh'Oi from the eitrlTest Utaes, nnd they Imvc tuiip: uji«i tt 
tn Uid suiiK' uinuaer a» they do at pnw«it Tlioy prepare t.hi> Icnvcs for IfcepluK 
by ilrj-liiu w ratluT parching them In a pottaue pot over n slow flrt\ and a 
wtroiiit (kcoctlon of the l«ivea ihiw mnaJ U their belnVEul llipior, of which 
they tlrltifc tiuautltiw, hoth for health and plrtisuw, without oiijoir or 

other hilvturi'. Tljey <lrluk tt down und dloRoreB it with repoutinu It very 
ofien uiul jiwnllowluu aumy (juorta. They say It restorou hist iippoUte. 
stnMjrthefH liie stoinncli, ami ponlirniit their health. glvltiK them acuity and 
eounse In war. It urows ehJelly In ihe RiturlLlme port* of th«'country, hat 
nut further north than the enpeo of Vlri^nl*. Tlbe Imlians of the aeacoaat 
Auppiy tliusi; pf the meuntaiiiM tlierewith and Oitiy on * conilderuhlp trad® 
with It In Florida. Jtwt ua the BruulanJit ilo with their South Sifl. tea from 
I'ammuiy to Hnenos Alrea. Now. Flurhlu. hritiu la tlie oftnio lutituile north as 
Fjinunuiy U imuth, ami no apparent dllfcreiR'a Winu foumJ oti coinparln^ the 
]«aYt« tif thfoe tw’p plants toueliH>r. It b) not liuprubable ihoy may both he 
the same. 

Tn South Carollnn It Is rallcil mwena. In TlrKlnlq umj North CocolUm it is 
known hy Um iwine of yopon; tn the latter of which placeB It is a* much in 
use uRKniff the while people a* amooif the Indliuu. an,l eapcclally amonff 
tiawp who Inhabit the seaeoasL 

TJib earliest written account of Lite ceremonial uae of lien voms- 
toria ia contained in the nnmtive of tbe expedition of Cabeza do 
Vaca. who found it in ike among the Ciiltnchicbes < 15.1c), wt«ft of 

• rtpttiif, EtklunJ- of A ua Ihf AtoMw^ ^ th I 2- 





jsAttCorit; planum Ai'Jo sriMiiLA^fTs— saffohb. 


417 


the mmith of the ISlissiEsippi KiFor^ He described the piitnt ns tmviiig 
leaves resenibUngr those of aa cocinn, Or live onk, its lettvee, after 
hnvia^ been tousled over the fire in aa earthenware vessel were boiled 
for a long timcj and the de«>cLion poared into a vessel made of u 
half-gourd and stirred ^ as to mahe it fonain It was drunk boiling 
hut^ While on the fire the vessel in w^hicb it was boiling w'as kept 
carefully covered ,■ 

ntiil If hj chftnee It sboDld be DticovmMl^ and a womaa sbould come In the 
tdCflntUue, they w'ould drlulc none of It but fliiu; \i oil owaj. [jllfewlrtc while 
It wna and beluR ponrCtl out to CriiUr, do woiuan woe dHowcU to vtlr or 

« motioD, or they woalil poor It all out on the ground nnd spew up uny 
wlikli Ibey Dilght baye drunk, while she would be sevorelj beaten. All tbLa 
time they would continue hnwlln^ out: Who wLlI drink wliereurHin the 
w'omen, on lioarliig this enlli, beemno mobuuJc^ and were they sitting or 
EEamnuef even on (Jp-toe, or with one lej; raised and ibe other down, tlioy 
dared not di^nge their poslLlon until the men had cooled the liquor and nuiEto 
Jt ready to drink. Tlie renson they ^ire fur thLi In quite ns feollNh and unn^^ 
sonahlo ns the cttjrtoui itself ; for they said that it the women lUd uot stand still 
on lieikrlnj; the call i«nmo evil would be Imparted to the Uqnur which Ua^y 
believed would make Uicju clikt- 

Rene de Laudoaniferci tbo leader of the iU-fated Huguenot expedi¬ 
tion to Floridn {10fi4)j noticed ibo use of the “blnck drink as prac¬ 
ticed by the Indians Uving at the tnouth of tho St^ Johns River^ 
Florida. Le Moinei his hlstorma, wrote a narrative of tho exjiedi'’ 
tiotij in which he mentLons m^ne leaver nmong tlie presents be- 
stowc^l by the Indians upon the FFenchmen. Of the ceremutiie^ 
nccomimnying it^ preparation and dbpeoeiTig he givea tlio following 
accanint^ aeeompnnied by an iJIiistnition which is here reprcHlticed 
(pL 14). Unlike the Indians ohsser^'ed by Cabeza dc Viica, the 
Florida Indians did not esqlude women from the cerciuonirs con¬ 
nected w ith its preparation, although neither they nor youtlis unini¬ 
tiated into the digntly of manhood were permitted to partake of it. 

The? rlilff and his Dublos am sccustocnnl daring cariulu days of tba year 
to meet early every tnnmliij; for tills express purpasc la a pabUe [[ilacc. In wlileh 
n long heneb Is coustmeted, bftvItiR: at the iwtii^lle of it a jirojiTtlnK part hi Id 
with uJue round irunhs of trees for Ihe chief a On tiilsi lie sUa by him- 

lu^lf for illstlnetlofi sake; aud the rest came to Nalute him, one at n tlTue, tho 
o1di-ft flmt> by nfdui^ both haods twite to tho heJirht of the head and myln^ 
^ ILip bo^ yn^ hn, ha.^ To this the roat answer^ **Ua, hiL*^ I'^ch os ho com- 
pkqes his lialutatlon tnlfedi hla aeat oa the bench. If any Question nf Lilk 
pqriaiiLV Ik ti} be tlie chief LtLlls upon his Innas (that la^ his prli»KiJci, 

ntiil uivotk the alders, one at a tltmv to deliver their oplnlona They dfKiltle 
uptm ivathInfT uatU thi^ hnve belli n itaniber of cnunclla over It, ami they 
flpllberwte Very befom deeidlng. Meanwhile the chief ordera its^ wouieu 

la boil BoiOie eauidae, whieh Is a lirlnk prepHn^d fnim the leave# frutn a eet^ 
tain root nnd whteh they afterwarris pa^s thmu^ a struLner. 

The chief auil his counefJors beln^ now seated In Ihelr plateiSi one stuHtls 
befon' hltii^ and spreadioff f<nih his bunds wide opc^n, usk^ a blesslni; npfin 
the chief acal ibe others who are to drluh:. Then tbe cuiibeHrer brlji^ the 
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Ilut ilrlok Id a copadou^t Bhcll, IIt^ to tho chief, ddiI thiui, an the diiof dincta, 
tu the rest Ln their order In tlie hucdc iAujU, Tlie,^' e^eein this drink so Uglily 
that no one Is Alleweti tn drink It In conncLI nniesa he Imu proved hlinself a 
hrtive warrior. Moreover, ihlw drltslc hun the itnallty of iit onee throwing 
Into a swuftt whenever drinks 3 L On this acconnt UnRie v^ho tnn nol keep It 
ilovrn^ hut whw§e stuirmehs rvjtfCt It are tiot tcilrwpted with any difflenlt eooi- 
misaioa or ony mil 111117 respriniiihllity^ IwIuk: ironKhlered unlit* for they often 
have to go Uirei" or four diiyH vriUiuilt hill uhe who enn drink thin Ihtuor 

enu CO fjor 24 bi»urs afterward without catlnj? or drinklnc. In mUitnry ex¬ 
peditions also Uie only isuiiplies which they ftmr conttst of k'onrd bottles or 
wooden vessels full of thhl drhik. It strcngtbehfi and uourlfdics the body and 
yet does not fly to Itisi litod m w^e have ob^sorv^sl on uNcemdoo of tlle^^c feasts 
of tJiolnk 

AccoDntB of the Black Dtitik cemnony are given by mttny other 
writers, including John Lawsotij in his History of Carolina (17M) i 
Jame 3 AduiCj In his History of the ^Vnaencan IndtuJris (177^) i Eos^^u, 
in his account of tlie AlUbnma Indians; Bemarci Bomans, m iik 
Natural Histor}' of Florida (lITli); nod William Bartram^ in his 
Travels in Florida (1791),^ 4 

By the Catawba Indians tJjia plant was called yatipon; by the 
Crecka it was known as assidiipiitski^ or small leaves/^ which liter¬ 
ally corresponds to the Guarani name (eaa-iuirim) of Bie finer form 
of /fcpC a most iiitcreding coincidence. 

The custom of drinking tea made of //« vQmit&rior was adopted by 
many of the white settler^ of Flnriffaj the Carolina^ and (kvrgiti, 
hilt it has not perristed. Sijnikr drinks ai-e still used by certain 
tribes of Oklahoma, in the ceremonies connected with their feast 
commonly called the busk. According to the statetuents of various 
aiithoi's Ilex leaves alone were used along tlie soutiie42Stern seacoast, 
but in other localities it isfjuite probable that otlier plants were added 
to or substituted for the infnsioKj cspcciaLly die so-called Indian 
tobacco, LoheUa and tlic button snake root, Er^fngi^im agtiGi- 

both of which were held in high esteem by many tribcfl of North 
Amedcad Indiana- 

//c:r UOTuVorio (pL ITi) is im evergreen shrub i>r small tree. Its 
small glossy leaves, likened by Cabeza do Vaco to thc^ of an endna 
or live oak, and by I-Jiwaon to box leaveSi, are deep green above and 
pale bcneatli, oblong, oval, or elliptical in form, and obtuse at the 
apex, with the margins crenatc-sermte. Those of the upper branches 
arc 1 to iS.5 cm* long, while those on tlie vegetative slioots are often 
larger and oblong-lanceolo te in sliape* Though this species has been 
confused with Vumne by several botanists the two species are 
easily distinguished by their leaves. Those of Ci^ne are 
usually ranch Jarger, more nearly resembling those of L pom- 
ffuarirnj^U, but wilh the margins entire or few toothed. The small 
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ivhiti) flowers of iwwi/osfM* are borttc in oxillory clusters Iiflving 
short smooth pediiodes, iiud its flowers sre distingulRhed from thosia 
of tlio allied species in having obtuse instead of acute calyx-teeth. 
Iti the pistiUflte Aowers the 4 stamens are shorter than the petula, 
while in the staminato they are longer- The fruit is in the form of 
red globose rlrupes 5 or mm, in diameter, usually containing 4 
slight I j ribbed nutlets. Plate 15 is the pbotograpb of a spocinieti 
collect^ near Atislm, Tex., Mny IDtH, by Mr. 1', V- Coville, 
Botanist of the Bureau of Phijit Industry. 

GUAHAnA. 

Guaranu is fl substance somewhat resembling chocolate prepared 
from the bitter seeds of a Sapindaqeotis climber by certain tribes of 
Indians of Brazil and VencKiicla, It owes its stimulating virtue to an 
alkaloid (gtiaranin) chemically allied to caffein. Like chocolate it is 
reputed to have aphrodisiac pn)|Jertic& In Venezuela it is known by 
tlie name of cupana, Altliough the plant from which it is derived is 
known »s PauUmia iprhiliSj a name applied to it by Mnrtius, 
Spree©, has shown that it is identical with tlio ptv;vioiisly desi?ril)etl 
PmiUmia ettpana of Humboldt, Bonplaud and Kunth imd that ac¬ 
cording to the rules of priority the latter name takes precedence. 

Though normally a twining plant it is kept pruned in cultivation 
to the size of a currant bush. It has pinnate aUcreate leaves com- 
poscfl of 5 coarsely serrate leaflets, with the apical tooth retuso. Tlie 
inflorescence consists of clusters of small white flowers growing in 
racemes from the asils of the leaves. The fruiting cipsutes arc 
obovHte to pyriform tapering at the base to a long neck or stipe and 
shortly beaked at the apex. When fresli tlicy are yellow and tinged 
with red near the apex, with the tliin pericarp smooth on the outside 
and woolly on the inner surface, 3-vb1v«1, but debiscing only along 
two of the sutures. The jsolitery block glossy seed is nearly half 
covered by a white cup-shaiied ariL 

Martins givts n description of the process of making guarani from 
the ofeds of this plant by the Indlatis of die Rio Mnulii, Brazil. As 
prepared by tlicm it Is a very hard paste of a chocolate brown color 
almoHt devoid of odor. For use this paste is rwluccci to a fine powder 
and mixed with sugar and water to make a stimulating drink. The 
li^eds. which mature in Uctober and November, are removed from the 
capsules and dried in the sun until the fleshy white cups are in such 
a state as to be easily rubbed off with the lingers. They are then 
pourc<] into a heated stone mortar, where they undergo a process of 
parching and are ground to a fine powder, which is mixed with water 
or exposed to the night dew and kneaded into a paste. tile 

process is finished a few seeds either whole or broken into fragments 
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aft' introduced and the vbole ts made Up into sticks or caktis, usually' 
cylindrical or spindle-shaped, about 5 to 8 inches long arid weigh¬ 
ing about 12 to 15 ounces. These sticks a re then dried in the sun or 
by the fire and become so hard and resistant tliat it requires an axe 
to break them. They are then packed in broad Icares ol buna na-I ike 
plants and put into baskets or l^gs. If protected from moistnre this 
paste will keep in good condition for several yearsL In the Province 
of Parti the Jawbone of a fish called Piracuru, covered with sharp 
prooesses, ia used as n rasp for grating ih 

Humboldt and Bonptand state lliat in southem Venezuela the 
powdered seeds are mixed with mundioca flour, wrapper] in plantuin 
lemes, and allowed to ferment until it acquires a siiffron-yellow 
Mlort Til is yellow paste, dried in the sun arid diluted with water, 
is taken as a morning drink like tea or coffee. It is bitter, stimu¬ 
lating and tonic in ite effects. Humboldt did not iike its flavor, but 
Spruce, who drank it in the form of a cooling beverage prepared 
from the pure pasta with cold water and sugar, liked its Savor and 
found that its effects were very much like those of tea. At Cuyaba 
it liras served in tarems as a refreshing drink, and in various parts 
Ilf South America Spruce found it to ha a popular remedy for sick 
headache (hemicrania).^ 

CHOGOL.VTE, 


(Flatra Ift DOil 1T.> 


Oioeolste, made from the seeds of Thco^rwtia eticao, ts tindouht- 
eiily of Central American origin. It was known to the inhabitant-? 
of Mexico and Central America long before tlie Discovery, and after 
the Conquei^ it soon found its way to Eufo[>o and to tJie most remote 
jmfts of the earth. Jfo vestij^ of the seeds or pods of cacao or any 
representation of them on funeral vases have been found in the 
prehistoric ^ves of the Peruvian coast region; and so rich are 
these graves in remains of fruits and vegetables ns well as in repre¬ 
sentations of such objects in terra cotta that the inference is that 


cacao was unknown to the aboriginal inhabitants of that part of the 
world. Prescott’s imaginary pieturc of the Penivian coast adorned 
with plantations of cacao la wholly without foundation in fact. 

Padre Coho, in hia Historia del Nuevo Mundo, tells of the high 
esteem in whldi cacao was held in Mexico; 

Thta fruit li m highly prlseit hy the lEHliniu of Xneva Esniilla that It acnw 
fer maiH-y fD that klnstleni. alal wlih It they l.uy m ,1,* markels anti from trar 
•ainjt lemteni raiall ohjwto. irtirh m mrtlJUui gf fralto, unil ve^etublca* 

BOtl t <Pii the roads of thnl hlae^teii) boajthi saeh tHam mtuiy tlmns with racao’ 
Even la the city gf Mexico they (tire as slas m Lho 1^,^ ^ 

tkB tliongti thi^ wore inonsy^ 

Hui llw nmjsoR whr thewf cucn^t-oJuioiiitn Are nriru-Eruiiiw » -p 

n drink ral1-.J ehocolnte. which the IrnUm,, aial hSTIiow t^ 
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SpflPlAr^ prcpaire wstb Dfatn^K cai^, oufl ejtpea»(L It I 2 of a ilni^k- 

red cot&r. with n wlilth rlBea llfee seutn niiij dliatilfteful te 

d^wts^ arrived colonE^ and ta Ehose uDuccu^fcotiied to drink It; but tlie p«»pl€' 
of tbo countrj are cruzy for It, They' regard cborolatfi d.!!t h ildllcuey, and 
IndiEins and Bjuinlards eotettit^a with It the fiends wins cotue to tholr houses. 
In addition to tiw toasted and Froimd eac^o seeds diocolato may ocmtalii nmny 
otlwr inured leotA e^'cry one mlxlnff with it iliose things which tijoy fancy 
wOl tiuprove Its quality or fiavor^ But ereryliody nsnaUy tmts In these five 
conaiJtuents: rucaq. aehlote {Hi^ orrJ^ofla)^ vanlLla [the frultlne pod of an 
orchid called tlUjocldil, or “ hlack dower,” hy the Aitwsl. clunumon [brcnight 
from the Eiist J&clSes after the Discovery], and sugar [also an Inttoducod 
product]. To these thoy add some other kinds of dried flowers [orejuela, or 
car-fflower, called soehlnacastlt by the AzteesL sesatnCt aulso, chilli or ajl 
iCmpsicnii] ppppefK tu^d other tklugs more or less ncconllng to their taste. 
In name parts of Central America 4esi>eclally In iMcarugual they amjee use nf 
u proparatlon of grauDd cacao mlyed w^th toasted und En’ouud uialre^ wiileh 
when mixed with water ylcMe a diUghtful and nutritious drink calknl 
tJFte * • *, The moat highly prlated cacao In Now Bpitln Is thnt which fa 

grown in the Province of SocOhosco and In ihn dloecsc of GuutcmnUi t and 
tliQ largest la that of the diocese of Ven-^uela, or Caracas • * *. Juat as 
the almonds of Cbavhopoyaa have hats for eliomles. iso the cacao has mookeys, 
whli’li arc bred In the large trees which shelter It. nud they devour as much 
as they can,* 

Plnte 10 IS the photograph of o trtmk of eucao growing near tho 
villngo of Coahiilla* in the State of Chiapna, southorn itexk-o^ taken 
in January^ 1007| by Jfr, Guy K. Collins of the United States Depart¬ 
ment of Agriciilture^ showing the ficciiliar habit of fruiting of the 
tree. Ill this region the cultivation of cacuo is more successful iiud 
lucrative than in any other part of tropical America visited by Mr. 
Collina, Plate IT^ which shows a slightly reduced pod from the Paine 
tree^ some idea of the enomious size of the pocla. The ssecds 

are seen enveloped in their soft fleshy white aril. At this locality 
the trees produce almost continuously from November to ilnne^ ami 
during this interval the pods are gathered three times. 

Aa soOii the Kceds arc remuved from the pods tlify^ are wusUihI by placing 
them Ln sMllow bUEiketa partly aubpierged la water and nibbing thcni agnlDi^t 
the bottom and sides of the bfi^kct<]« forcing the pulp tbrou^ the mesbes. Tlio 
leeda arc then cun dried, the quicker the botier* It Ifi tbongfti, Tbls nofer- 
uieTit«l product would not eonnuand b bSgh price in cbe European cr Anititlcau 
tunrkcta. but It la said that the Mexicans do not dcmnAd a formonted bean. 
• • • From a few miles below Plchucalco to wlCbln a tew mUe$ of Ban 
j!iian tbe banka of tbe river arc ulmoat continuously Ilufd ^vJib cacao planrn- 
tlOEis^, a great part of whScb bt ahaded wlib nihber. * • * About 1,-100 

tuns of cacao pAam ibrougb San Juan aoiuialJyh valuctl at nlmut Sl.250X^. In 
spite of the enormous amount of cacao proiluccd In ^lexlto aud an Import duly 
of so cenu per kilo, cacao Is atlll imported from GuayaqnlL In tbe duo cacao 
lundfl above San Jus ft the gmviinjr of tbl^ cuniiucHHty is ihe mmi lacratlve 
agrlcullural operation with which wc arc familiar. 

1 Fadrr Cobo, Uftitonn dd Ni«iro yitifldCi, 2: 03-64, td- Jlm^OCC de In Eaimdi. ISfll, 
73330"—OM lOlfl—28 
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The primitive cuatom of uHlng caenu for ciirranty jftill previtlb in 
the State of CliiapaB, especiall3' in the dty of Tujrtln nnd its vicinity. 

A f»iiiiiiou expreBaloii fpr rtienp nrtielt^ in the luartlvt hero la that thv>' 
S4'U for w tuftny n cIdco. Tbla OTl|;lJiiiiUF tueant fi cnciio tieans; hm lo allow 
fof tliv ftuctuaUn^ value of the cactio, n clnni nctuBlIjr ccaalets of ffqni S to S 
st’Otld. but the ratio of oxdiauiio will Iw unlfomt tlinruj;liout thi> market. 

Mr, CtjUins found three distinct tjTies of cacao at Tuxtla; Small 
plump beans from Tabasco; flatter beans that had been rolled In oslwa 
fnsn Qiiechuln; nntl cacao pntaxto, tbc seeds of Thcohrtma &fctJ?or. 
The hitter parched ond groimd are used together nitli niaiKo for 
malting a drink called ‘^posol" {from poaolli, foaming). Amxher 
drink called <‘tascakto” (from teacalli, one who grinds moire or 
W'nie fithcr sul^anoe on a stone metlatl) was cnmpttecd of ground 
eucan mixed with ground purehed coni and almonds. It was carried 
in tho form of powder by travelers on long trips when there was little 
opiKirtunity of obhuniog food, and made into an agreeable and 
nourishing drink by the addition of sugar and water.' 


noTAKTCAi, DEscarpnos', 


? Aco&tiO'ina cox!&o is a small tree with a bare stetu w'liicli gcnerallv 
ri^ to a height of almut i metere before branching and rreehes a 
height of 0 or b lucters. Soniethnes, however, under gooil condi¬ 
tions of moisture, soil, and situation it grows higher. The tree is 
caiiLillorous; that is, the flowera spring forth from the trunk and 
older branches. Leaves large, undivided, smooth, broad, pointeil, 
and of ti thin texture, of a reddish color nnd hanging limp from tho 
iinmchcs when A'oung, but soon turning green and becoming firm; 
Ilowere produced from adventitious burls under the bark, usually at 
the '‘eyes,*’ or points marked by the soars of fallen leaves, small, 
pvt wing in clusters or solitary, usually only one of a elurter develop¬ 
ing into fruit: calyx 6-paried, often of a pLnkiah color; petals 
5, yellowish, concave at the base and having a. straplike appendage 
at llie lip; htainens 10, imited at the biu» into a cup, & without 
outliers and the other 5 iiltcmating with them Ijeiiring 2 doiihle- 
cellH antliers each - stylo threadlike, terminating in a S-cIeft stigma; 
fruit soiiicwliqt like a enciimber in slinpe, IS to cm. long, yellow 
or reddish, longitudinally ribbed, the rind thick and warty, icatherv 
and tough, not splitting when ripe, &-oclled, and containing manv 
seeds ID a soft bntierlike pulp of a pleasant siv«tish-acid flavor- 
seeds compressed, somewhat almond shaped, with a thm 
reddish brown, fragile skin or shell covering an oily, aromatii^ bkte? 


' Tlw itNiTt bLrdna*llen Wt» frora Str. Collin.■* witt. a™. - ZTTZ 

n port: " JfolM ns aeaOtnrs SIfilco." bjr 0. K. Colllij* ind C. w. tL., to abrldfliil 
IiopjirttDnSl ol JBrieiiKart. la Ou .SatloiMi (fMtriplUt mif' 
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k£?niel, wliiiih conBists inof^-tly of ttie cnimpled cotyledons. If lak*n 
from the pod the seed mon loses its vititlity. It is consequently 
difScuU to tmiLsport it to distant eomitries unl^ in ei gonninating 
condition or in ripe pods, vrluch| if kept cool, ^'UI 10 days or 
[perhaps *2 weeks. 

Ixi g:ithermg the pods care is taken to cut Ute stnlks utaily half 
way betwcs?ii the pod and the tree, so as not to tear the. hark, os is 
often (lone if the pod is i^miovdl by twistingi for it is in tho bark at 
the biise of the old stalk tJiat Eidventiiioiis bnds issue whieh produce 
the ensuing crerp. As a mle only one or two of the {lowers in each 
cluster develop pods. In many countries scedsi are usually snbjected 
to a process of siveating or fermenting, by meana of wliick tho flavor 
is developed. iSometinies this pm^ess takes place in IkjIcs or trenches 
ill ilic ground^ after Avhirh the seeds arc dried, riantation^i of cacao 
were visited by the wTiter in the French AntiUcs. oil the hdund of 
Trinidad, in tlie \icinity of Carucus, and near tTUayaquiL From 
the latter plua? gmil quantities of cacao are cxiiortcd. In Me.icico 
he witnessed tlie preparation of chocolate by grinding the beans into 
u paste on u stirne metlatl just as maiiic is ground for making ttu’- 
tillas^ aiitl on tlie Pacific coast of Central America he was rcgidcd 
w ith deliciotia Ustc made of groatMl c^cm and parched miibo and 
sened in gourds (the fndt of Creiceitfia ^jcU). On die island 
of Gtiniiu wher¥ cacao culture was introduced from Jlwico^ Ulc 
M exican metlatl is Used. Here tlie beanSr after having bccti carc^ 
fully cleanciJ, are usually dried without femientaiion and kept until 
required for They are then loiEtsted like coffee^ ground on the 
family luetlatl, and made at once into chocolate. Chocolate mmle 
from newly toasted and ground beans k et-pecifllly rich and aromatic* 
Sometimes more than is required for immediate use is prepared with 
the addition of a little Hour or arrowroot^ but without spice^^ and 
made into balls or lo^tenge^^aped disks large enough lor a £»ingle 
cup of chocolate. Thus prepared It has a line flavor and since none 
of the oil is removed it h? very rich. The natives of the island scorn 
imported chocokte^ declaring that it taEtes like medidne. 

It is interesting to note that the alkaloid theobromine, which is 
the active principle of cacao, is also found in cola^ which plan's almost 
as important a role in certain partis of Africa ns cacao m tropical 
America. More interesting still is the fart that this is almost iden- 
ttval with the alkaloids found in Pauliinia cupana and the jMnerican 
ilexes described in this paper, and in tea and coffee. But while 
the ilexes and tea ajid coffee are only etiniulants, chocolate is both 
riiiiDulant and food. Thi?obromine is now valued in medicine, es¬ 
pecially for use as a diuretic* Its physiological effects are very 
similar to those of caffein. 
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SITMSJAIIT. 

1. The principal narcotic plants and stimulants of ancient America 
were tobacco, cohoba, the red hean, pcjotl, ololiuliqui, jtmson weed, 
huaca^cachu (a tree Datura), coca. ay»-huasca. yerbo-mate, tiissine, 
guaranii, and cacao. Divine attributes were ascribed to them. They 
were used in divination, in medictnCi and in cercmonialB, and in 
many cases were carrief! by the Indians as sttfejEuards or amulets 
to insure success in warfare and the chase. 

2. Toliacco, the most important of these plants, is now cxtensirclj 
cultivuted in both bemiaphercs and its use is world wide. The jimson 
weed {DfUvra stramomam) is now important as n source of atropine, 
and coca {Erythrox^^on Coca) as the source of cocaine, 'ilie most 
important stimulants are the yerba-mote {Ihst parayaarienns) th* 
loaves of which are known as Paraguay ten, and cacao {Thfe^rom** 
t/affao) 1 the seeds of which are made into chocolate and cocoa. 

3. Of less importance but of possible merlicinal value are peyotl 
{LapKophi^A'a. iriTfiffmssf ) identified as the “ divine flesh or tconana- 
catl of tlie Meslctina; and the oioliuhfiui {Datura nnftetoWfA), etill 
extensively iisfid by Indians of Stexico and the United States, hiiaca- 
cachu {Brugttiantia sanyMinea) of Pcmi and aya^hunsen {Baantetcrta 
vojipi) ai Brodl and Venezuela. Caesine {/Is* rowiiforw) of the 
BOiithern United States, which has the same prnpnrties as Its Para- 
gudjan congener, may prove to be valuable as a i-efre&hing ten, and 
gnarami {PmSima ^ipana) as the source of a drink resembling 
chocolate. The red bean, or frijoliUo, of Texas {SromforKtiit se- 
f« 7 «fij^ora), though possessing n narcotic alkaloid, is not used com¬ 
mercially and its use iimong our Indians is now very limited. Cohoto 
(Piptaihnia pereyrtna), the seeds of which were used hy the aborip- 
nal Biiitians nod are used by many Indians of the tribntari^ 
of the great rivera of South Americtv as tiie snnreo of a tiurcotic 
snuff, remains cliemically unknown, though known and reported by 
tlie companions of Columbus, 

4. In view of the shortage of mcdieinal alkaloids resulting from 
the present war it is suggested that investigations be made to deter* 
mine the nature of the properties of these lees-known narcotics, 
with a view to their utilization as substitutes for others now recog¬ 
nized in the standard pbarmacopteias. 
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KEW ARCHEOLOGICAL LIGHTS ON THE ORIGINS OE 
CIVILIZATION IN EUROPE." 


By Sir AsrttUi Evanb, D. JJtt,. LL, D., P. S. A,, F. IL 3. 


Wlieji I was iisked on tx^tiulf of the council of tUc British ^Vsisoeia- 
tion to occupy the iTesponsible post of pri^ident at the roeeiijig in 
this great city—the fourth that has taken place here—I ft-os certainly 
taken by stirpiiac ; the more so as my own subject of research seemed 
somewhat removed from what ninv be described as the cetitrai in¬ 
terests of your body. Tiio turn of archeology, however, 1 was told, 
had come round again on the rota of the sciences represented^ nor 
could T be inditTerent to the fact that the bst preaidentia,l addres on 
this theme had been delivered by luy father at tlio Toronto meeting 
of ISDT, 

Still, it was not till after considerable hesitation that I accepted 
tljfi honor. Engaged as I have been through a seriea of years in the 
work uf tixcavation in Crete—a work which involved not only the 
ejuarrs'ing but ilie building up of wholly new materials and has im- 
tailed the endeavor to classify the successive phases of a long, ron- 
tinnous story—Jibsorbod lUid fflscinaled by my own investigation, 1 
am opprcsBcd with the ctonsciousness of having been leas able to keep 
pace with llie progress of fellow explorers in other departmaiU or 
to do sudicient justice to their results, • • * The science of an- 
tit|uLty in ib purest form depends, indeed, on evidence and rests on 
principles indwtinguisliable from those of the sister science of gml- 
ogy. Its methods are fitratigraphie. As in that case the successive 
deposits Slid the clmracteristic contents—often of the most frag¬ 
mentary' kind—enable 4110 geologist to najoustmet tlie fauna and 
tlora, and climate and physical conditions of the part ages of the 
world, and to folloiv out their gradual transit ions or dislocations, so 
it IE with the archeologist in dealing with unwritten histoiy. 

In recent years—uot to speuk of the revelations of late quaternary 
culture on which 1 shall presently have occasion to dwell—in Egypt, 
in Babylonia, in ancient Persia, in the central Asian deserts, or, 
coming nearer home, in the .Sgean lands, the patient exploration 

i.Viiarto* Df ill* pmleti^nt or tl» Orttlsh As*ff«noa for flit Ad™si«»ia»iil of Sch^co. 
rti<wiUffd4!'^dli>TjrUC, I put HJ iwrnlSsilcili Ire™ ftUibuKi «il llwa- 
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of early sites, in many cases of buge strotifieii mounds, the uneattU- 
ing of buried buildmgM, the openkig of tombs, iind the research of 
uiinor relics, has reconstituted the successive stages of whole fabrics 
of fonoiT civilisation, the very existence of wliich wqa fornierly 
iifisnspected. Even in later perlotls arclieologj-, as a dispassionate 
wilucES, has been continually cliedting, supplementing, and illustrat¬ 
ing written history. It has called baoli to our upper air. iis with a 
magician's wand, shapes and conditions that seemed to have |>ee'n 
irrevocably lost in the night of lime. 

Thus evoked, moreover, the pest is often f^een to hold a mirror to 
the future, correcting wrong inipitiBsion&—the result of some tempo¬ 
rary revolution hi tlie whirligig of time—by the nntre permanent 
stamhird of nhidiiig conditions, and affording in the solid evidence 
of past well-being the ‘'substance of things hoped for.” Nowhere, 
indeed, has thia been more in evidence than in that vexed region 
between the Danube and the Atlriatic, to-day the home of the 
Serbian race, to the iintiquarion exploration of which iiiatiy of the 
earlier yeare of my own life were devoted. 

What l iaionis, indeed, ilo those investigatioua not recall! Impe¬ 
rial cities, once the seats of wide administration and of proliffr 
mints, SEinh to ncglec'ted villagef!, vcBtlges of great engint'ering 
works, bridges, aqnedncta, or here a main line of aneiciit tiigbw'ay 
burdly trmrenbld even as n track ncrotis the wilderness! Or, again, 
the signs of medieval revival above the Komati mins—^remains of 
once populous mining centers scattered along tlm lone hillsiile, Uio 
shells of stately churches with tlie elligica, hnltet-scarrcd now, of 
royal founders, once champions of Christendom against the Puynim— 
nay, the actual relics of great rulers, hiw'givere, national heroU;, still 
sw'reted in lialf-ruincd monastic retreats! Sunt laorlmie lemm et 
mentem mortalia tangunt. Even the archeologist incurs more 
liuman debts, and the evocation of the past carritss with it living 
responsibilities. ♦ • • 

Whole pruvincea of BnciGnt history would lie beyoncl our ken— 
often through the mere loss of the works of ckasical authors—were 
it not for the results of archeological rcsenreh. .-U other times again 
it has redressed tho balance where certnifl ssjiects of the ancient 
Ivor Id have been brought into imequnl proitdTtenee, it mav i>e. bv 
mere accidents of literaiy style. Even if wc take the (itcek world, 
generally so rich in its literary sources, how comparatively little 
should we knttw of its brilliant civilization as illi].^trated by tlie great 
rivic foundations of ^^agna Graecia and Sicily if we had'to depend 
cm its written sources alone. But the nolik uiniiuinente of those 
regions, the results of excavation, the magnificent coumge—a sum of 
evidence illustrative in turn of public and private life, of art and 
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religion^ of politico and of economic conditionfi—bare gone far to 
supply the kcumi- 

lAwk, too, afc the hiiitory of the Roman Empire—how defective and 
misleading in many departments ara the literary records* Tfc has 
been by meihodical re^?arches into eidclenco such as the above, nota¬ 
bly in the epigraphic Geld, that the most trustworthy resnlt^^ have 
been worked out. 

Take the case of Roman Britain. Had the lost books of Ammianus 
relating to Britain been preserved we might have had^ id big rugged 
style, some partial sketch of the Province as it existed in the age of 
its most complete Romanization. As it is, so far as liistoriaiis are 
concomed, we are left in almost complete darkness. Here, again, it is 
ibroiigh archeological research that light has penetrated, and ihiinks 
to the ihurotighness and pemstenco of our own investigators, town 
sites such aaSilchester in Homan Britain have been more completely 
uncovered than those of any other Province^* Nor has any part of 
Britain supplied more important coutribulions in thie field than tho 
region of tho Roman wall, that great liiullarj^ work between the Sol¬ 
way and the mouth of the Tyne that oticse tnrtrkci:! the northernmost 
European barrier of dviUau^d dominion* 

Speaking hci^e, on the site of TTadrSiin's bridge-head station thitt 
fonned Jte caatem kisy^ it vimuld be impossible for me not to pay a 
passing trihiite, however inadeiiuate, to the continunns work of ex¬ 
ploration and research eiirricd out by the Society of Antifjunrics of 
Newcastle, now for ov^er a hundred years in existence, worthily sec¬ 
onded by its sister society on the Cumbrian side, and of which the 
volumes of the rt^pective Proceedings and Transactions, Avrhjcolo- 
gin, iEliana, and last but not least the Lapidartum Septcntrionule, 
arc abiding recordit. The basia of methodical stutly was hero the 
survey of the wall carried out, together with that of its main mili¬ 
tary approach, the Watling Street, by MacLjiuchkn, under the auspi¬ 
ces of Algernon,, fourth Duke of NortiiimiberlanJ. And who, how¬ 
ever lightly touchifig on such a theme, can overlook the services of 
the late Dr. Collingwothi Bruee, the'HtranJ old nmn,-^ not only of the 
wall itself, hut of all pertaining to border antiquities, dislinguished 
as su investigator for bis scholarship and learning, whose lifelong 
devotion to hb subject and conifigions enthusiBsm made the Roman 
wall, as it hud never been before, a hou^hold word? 

New ptunts of view have arisen, a stricter mathod and a grenter 
subdivision of labor have bccomo impeiative in this as in other do- 
purtnientft of research. We must, therefore, rejoice that local ex¬ 
plorers have more and more availed themselv^ of the cooperation, and 
welcomed the guidance of tho^ equipped with comparative knowl- 
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drawn from other spheres. The British VaLlunj. it is now real- 
be looked at with perpetual reference to other frontier 
]ines> such us the (rerinanic or the lihietiun lines; local remains of 
every kind iLure to Lhk cfii-relulei] wLtli similar discoveries throughout 
the length and breadth of the Konian Empire. 

This aititode in the investigatiori of the remains of Eomau 
Britain—the promotion of which owe^ S 4 > much to the energy and 
experience of Pmf, Ilaverlield—has in recent 5'ears conducted esra- 
vatiipn to specially valuable nesnltfi. The work at (Torfiridge^ the 
ancient ('orstopitum, beguji in nrni continued down to th* 

uiiiiimn of has akeady uncovei*ed throughout a great part of 
its ares tlie largE^st urban center—eidl as well iis military in cbavac- 
Lcr—on the line of the walk mid the principal stoi^e base of its sta- 
tiGikS. together with welBbuill gmnaries, workshop^T Bwd bar- 

rucks^ and stieh roeorils of civic life as are supplied sculptured 
stones and inscriptiom^ and the double discovery of hoartls of gohi 
coins^ hii?; come to light a spacious and massively construct^ stone 
hknliliiLg, apparetitly a militiiry slurehousep worthy to rank lieside tins 
bridge piers of the North Tynoj among theptnoM imposing monu- 
nienL.> of Kotiuin Britain. There is tniich here^ indeed^ to carry our 
thoughts far beyond our insular limits. On this, a^ on so many 
other sites along the wall^, the inscriptions and reliefs take us ver>' 
far aliukL We ukiirk the graif^onfl of u man of Palmyra^ an altar 
of the Tyrian llereules—its PLioenicion Baal—a dedicution to a 
panUicistic goddess of Syrian religion and the rayed efl%y of tho 
1^4'^jan Mithia. So^ too, iti the ni^ighbnrltood of Newcastle itself^ as 
eli^ivhere on ttie wall^ there was found an ulUrof Jupiter Dolichenus^ 
tlie old A nil toll an God of the Duulde Axe, the male fonn of the 
divinity once worshipped in the prehistoric Labyrinth of Crete. 
Nowhere are wo more struck than in this remote extremity of thfi 
Empire with the heterogeneous religious denients^ often dman from 
its far ea.stcrii borders, that before the days of the final advent of 
Christianity,, Itoman dummion bad been instrnmeatul in dilfusing. 
The Orontes may be said to have flowed into the Tyne as well os the 
Tiller, 

I have no pretensioii to follow up the various ailtucnts merged in 
the later course of Greco-Roman civilization^ as iUastruted by these 
and similar discoveries througliout the Homan world. T^ly own 
recent r^seart'hes have been particularly qoiicemed wUIi the much 
mnre ancienl cultural stage—that of prehistoric Crete—which lends 
up to the Greco-Romunr and which miglit seem to present Gie prob¬ 
lem of origitiu fit any rate in a less complex shape. The niarvelous 
xMinoan eivilization that has there mini' to light sliows that Crete of 
LtKK) years ago must unquestionably be regarded as the birthplace 
of our Eurot>ean civilization in its higher form. 
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But lire we, eveu then, appreciably nearer to the fountain head? 

A new und far more remote vkta Ims opennl out in reocnt yeana, 
anil it is not too miieli tu guy thnl u w holly new ^ta ml point ha.^ biwn 
gained fivni wiiidi to survey the early history of ilie liuiniin race, 
Tlic investif^uliona of a brillitiiil bainl of preliistoric arelieologiats, 
witli the aid of represcn tali veil of the icisler scieitircs of peology tmd 
paleontology, hnw bituiglit together such u niai® of striking materials 
as to place the evolution of human ait and Lipplimices in the lust 
Qiiateimary pieriod on a fm- higher level than had even been sus- 
pevted previousty. I'ollowing in tlie footstepa of I^irtet and after 
him ttivi&re mtij Pielte, Prefe CnrtaUhac, Capitan, and Boulv, the 
Abbe llreuil, t)r. Obermeier jirul their fellow investigators have revo^ 
lutionized onr knowledge of a pbaf® of hmnan calturo which goes 
00 far buck beyond the limits of any continuous :‘tory that it nmy 
well be said to belong to an uhler world. 

To tlie engraved and Eculplured ivorks of inau iu tlie ‘‘ Reindeer 
period” wo have now to add not only such new specudties as nra 
oxemplilied by die tnoldi'd clay figtires of life-size bisons in the Tuc 
d^Vudoulrjert Cave, or tUe similar high reliefs of u procession of 
horses cut on the overhanging limestone brow of Cap Blnnc, but 
whole gnUeries of painted designs on the walk of caveims and rock 
shelters. 

So ustonisiilng was this Inst discovery, made first by the Spanioh 
invKiigator Seiinr de Saiitiiolii—or rather bis little dimgliter^as 
long ago as 1ST8, that it whs not till after it had been correbornted by 
repeated finds on tlie Prench side of the Pyrenees—not, indeed, till 
the beginning of the present cenluiy—that the Paleolithic age of 
these rock paintings was generally recognized. In thoir most devel¬ 
oped stage, as illustrated by the bulk of the figures in the f’ave of 
Altamira itself, and in those of Maisouhia in the Haute Huronue, mid 
of Font de Gmiiiio in the Dordogne, tlieso priincvol frescoes display 
not only it consummate mastery of natural design, hot an extraordi* 
nary tecbiiietil reaoiti'ce. Apart from the charcoal used in certain 
outlines. Ute chief coloring matter w»s red and yellow ochre, mor¬ 
tars and juilettes for tiie preparation of which have como to light. 
In single nnimals the tints are varied from black to dark and ruddy 
brown or brintantorotige.iind so, by fine gradations, to paler nun nccs, 
obtained by scraping and waalnng. Outlines and details are brought 
out by white incised lines, and the artists availed themselves with • 
great skill of the reliefs afforded by convexitii;^ of the rock surface. 
But tbe greatest marvel of all b that such poly’chronie masterpieces 
as the bisons, stun ding and couchant, or with limbs luiddleil logother, 
of the Altumirn Cave, were executed on vlie ceUings of inner vaults 
and galleries wLere the light of day has uever iwuett uled. Nowhere 
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is there iinj triice of fijnciku* and it is clear tluit great progiess in tlie 
art of artificial illumipation bad Already been mnrle« W© now know 
that stone larops, decomted in on© cHse with the engnived head of an 
ibex, were alrencly in existence* 

4Such was Uto lerel of artistic aftainmenf in southwestern Europe, 
at n modest estimate some 10,000 years earlier than, the most 
ancient monuments of Egypt or ChaUlieal Nor is this an iso- 
lated phenomenon. One by oneu chanucteristics^ both eplfttuiil 
and material, that had been formerly thought to be the special 
murks of later ages of mankind have been shown to go back to 
that earlier worltL I myself cun never forget the Impresdon pro- 
duced on me us; a priTilegeti gEjiectator of a freadily imcoveti^l inter¬ 
ment in one of the Ba1:ni Ho6^ Caves—an impression subsequently 
confirtiipd by other exjierient'es of similar discoveries in these caves, 
wbidi together first supplied the coneordant testimony of an elabo¬ 
rate cult of the dead on the part of Aurigiuicisn man. Tail skeletons 
of the highly developed Cro-Mngnon tj'pe lay l^eside or at>Dve their 
heorthsH and protected by great stones from roving beasts* Mint 
knive^t and bone javelins had been placed within reach of Iheir hands, 
chaplets and luaikbces of sea sholls, fish vertebra?, nnd studs of carved 
^ue had decked their persona With these had been set lumps of 
iron peroxidej the red stains of which appi!!are<] on skulls and hones, 
BO that they might make a fitting show in the underworld, 

CtUoTH. tOCp lu puLcit Ills b<((ty+ 

Plow wltliUi Lla hmntj. 

That lie u^lsroa. btlj^ht ami nuldv- 
Id the fipIrlf-Lftndl^ 

Xor is it only in this cult of the departed that we trace the dawn of 
religious practices in that older world* At Cogul we may iiovr survey 
the Htual dance of nine skirted women round a male satyrlLke figure 
of short ^ture, while at Al|>eiii a gowned sister mintstrant holds up 
what has all the appeanince of being a small idoL It can hardly be 
doubted that the srimil female images of ivory, fdcaiite^ and QrystAU 
line talc from the same Aurignacian stratum aA that of tlie Bol^i 
Rossi interments, in which gii^t prominence la given to tJi© organa 
of maternity, had some fetichistic intentiom So, too^ many of the 
figures of animals engraved and painted nn the innio^ vaults of the 
caves may w e 11 have been due, as M. Salomon Heinach has sugge^iKh 
to the magical ideas prompted by the desire to obtain a hold on the 
quarries of the chase that supplied the means of livelihood- 

In a similar religiom connection may he taken the growth of a 
whole family of signs; in some cases obviously derivatives of fuller 
pictorial originals, but not infwiiioutly simplified to such a degree 

^ Scblllifr “ NaOcFWMiivr'ii Tti4 tvia] 1^/* 
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tbsil!: thfiv r^pible Or actually reproduce letters of the alplmbet. 
Often they occur in g'roups like regular inscriptions, and it is not sur¬ 
prising that in some quarters they slioiild hai^e been regurtlGd as 
evidence tliat the art of writing had already been evolved by the men 
of tbe Koindeer agiy A sj^mbolic value certainly is to be uttribnted to 
tliese signs, and it must nt least be admitted that by the dose of the 
late Quaternary age eonsiderabln advance b^id been made in hiero¬ 
glyphic expressloEL 

The evidences of more or less continuous civUized development 
reaching its apogee about the dose of the Magdalenitiii jieriod have 
been constantly emerging from recent discoveries. The recurring 

toctiforai ^ sign had already clearly pointed to tbo existence of 
huts or wigwAms; the"" Ecutifomi and other tyiH^s recoi il appliances 
yet to bo elucidated^ and another sign well illustrated on a bone 
pendant from the Cove of St. Murcel bus an unmistakahle re- 
senihlance to a sledgeJ But the most astonidung revelation of the 
cuUunil level already I'eached by primeval nian ha.^ been supplied by 
the more ret!ently discovered rock paintingiH of Spain. The area of 
discovery bus now been extended there from the Province of Santan¬ 
der, where Altazniia itself is situated, to the Valley of the Ebro, the 
Ceiilrikl Sierras, and to the extrejne sonthcastcru region^ induiling 
the Provinces of .\lbacclc, I^lurciat and Almeria. and even to within 
the borders of Crranada. 

One after another^ feu Lures timi had ^leel1 reckoned as the excliisivo 
property of A'eoHlhic or later ages are tlma seen to have l>eon abaml 
by Paleolilbic man in the final stage of his evolution. For the first 
time, moreover, we find the pitaluction^ of his art rich in human 
subjects. At Cogul the Eacral dance ia pcrfoniied by women dud 
from the waist downward in well-cut gowns, while in a rods tihelter 
of Alpora,^ where we meet with the same skirted ladic-s. tbeir ili-ess 
is gupplemented hy flying soshesL On the rock painting of the Ciieva 
de la Vieja, near the saina place, women are seen with still longer 
gow ns rising to their ho^mo. We are ulreaily a long way from Eve. 

It is this greut Alpera frcaio which, among ull those discovered, has 
afforded mo^t^ new eiementSL Here are depicted whole scenes of the 
chaoo in which bowmen—up to tho time of these last discovixrics un¬ 
known among Paleolithic representations—tokc a leading part, 
though they had not ua yet the luse of qulvera. Some are dancing in 
I he attitude of the Australian cormboreos. Seveml TVear plumed bead- 
dreswcfi, and the attitudes iit times are extraordinarily aniniEitcd. 
What k specially reiiiurkable k that some of tbo groupa of these 

lat«nijvla|l&ii bj hip after irmiiPecticLj; Um Ln IftOy bwu *p. 

p»twl hj Uhc BrenLI L%dtlareifi*lflrh?H XIH. p. ia2> loJ bj PrQf{»»e>4^ Ekillat, -‘ADelent 
IliinfiPW.'’'" 1P15. 480. 

^Tllflt oi C^rqBol^ del Boequ*; Bneult, Amtarcipolo«fc, XXV f, IPia. p. r| m. 
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Spanisli rock paintings sliow dogs or jackals accompanying the 
hunters, flo ibut the piH>ccss of domesticating tminials Imd already 
begun. Hurted axes are depleted as well as cunningly sIiujhh] throw¬ 
ing sticks. In one case ht least we see two op;iO!xd bunds of archers-— 
riuirking at any rate a stage in sociat devoloptuent in which organlzeti 
warfare was possible. 

Xor can there 1 m any question iis to the oge of these scenes am! 
figures, by thenisehes} so suggestive of a much hitcr phase of hum nil 
history. They are inseparable from other elements of the same 
grtrap, the animal and symbolic representations of which are shanxl 
by the contemporary school of rock painting north of the Pyrenees, 
tlome nre* overlaid by paliniijscsts, tliemselves of Paleolithic charac- 
tor. Among the animals actually depicted, moreover, the elk and 
bison distinctly lielcmg to tlic late Quaternary Fauna of both regions, 
and are iinicnown there to the Neolithic deposits. 

In its broader aspects this field of hntmm culture, to which, on the 
European side, the name of Eeindeer age may still, on the whole, ba 
applied, is now seen to have been very wideiT>rend. In Europe itself 
it permeates a large area—defined by the bonnilaries of glaciation— 
from Poland, and even a large Sii.^iin tract, to Hohcmia, the upper 
course of the Danube and of the Rhine, to sonthwestom Britoin ami 
eoiithciisturn Spain. Beyond the Me<literrutiean, moreover, it fits on 
under varying conditions to a parallel form of culture, the remains 
of which are hy no men 113 confined to the Cia-Sabaran zone, where 
incised ligures occur of auiamls like the long-horiicd buffalo {Sulba^ 
Qntiqtiii*) and othera'long estinct in that region. This southern 
branch may eventually be found to have a large estenaloti. The 
nearest parallels to the finer class of rock carmngs as seen in the 
Donlognc are, in fact, to be found among the more ancient speci¬ 
mens of similar work in South Africa, while the rock paintings of 
I? pa in find tiieir best analogies among the Buslimen. 

Glancing at Lids late Quaternary cullnni, as n whole, In view of 
the uiuterijits supplied on the European side, it will not be supcrlln- 
011 s for me to call attention to two important poitita which some 
ulster vers have shown a tendency to pass over. 

^ Its successive phases, the Aurignacian, the SoUitrean, and the Mag- 
dftlenian, with its decaiJent Apilian offshoot—the order of wdiich 
may now be regarded as strutigraphicBlly established—rap resent, on 
the whole, a continuous story. 

1 wnll not here discuss the question as to how far the disappcarauc'e 
of Neaiidertiial man and the close of the Moiisterian epoch repre^sentjj 
u “fault” or gap. But the view that there was anv real break in 
the course of the cultural history of the Heindeer age itself does not 
seem to have sullickiit watremt. 
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It iB true that new elements come in from more than one dire^lian. 
On the old Aurigtiaci^n area^ which had a iranB-Mediterraneon ex¬ 
tension from Syria to ilorocco^ there intruded on the European 
aulc—apparently from the east—the Sohitreur! tyfw of culture^ with 
jt 3 perfected flint-working and exquisite laurel-kaf points. 5fag- 
duleniim nian^ on the other hand^ great as the prolideney that he at¬ 
tained in the carving of hom and bone, was mueh behind in bis 
lUnt-knapping- TJ>at there were dislocations and temporiiry Bet- 
hacks is evident* But gn every side we still note trarndtiojiB and 
remini sconces. When, mpreover, we turn to the most striking fea¬ 
tures of this whole cultunii phasei the primeval arts of sciilptni<^, en¬ 
gravings and painting, we see a gradual upgrowth and unbmken 
triiditipn^ Fi'om mere outline iigur&s and simple two-legged prahles 
of animals we are led on step by step to the full freedom of the 
Mugdalenmii uilisls. From bolated or di^nnectod Biibjects we 
watch the advance to large compotiitions, such as the hunting scenes 
of the SpEinbli rock paintings. In the culmiiiatmg phase of iliis art 
we even find Intpreszsionist works. A brilliant illustratioti of such is 
seen iti the gulloping herda of horses, lightly sketched by the en¬ 
graver on the stone slab from the Chuumont GrottOt depicting the 
leader in each case m front of his troop, and its semed tinfr—straight 
as that of wdl-drillcd battalion—in pei'spective rendering. The 
whole muisl be Ulu^n to be a faithful memory sketch of an exciting 
epbodc of prairie 11 fc* 

The other characterUlic feature of the cuUuiio of the Eeindeer age 
that Bccnis to deserve sj^eclal emphasis, and is almost th* corollary 
of the foregoing, is tliat it can not he regarded ns the property of ^ 
a single race. It is true that the finely built Cm-Magnon race see ms ^ 
to have pre^lominated, and must be regarded as an element of con¬ 
tinuity throughout, but the evidences of the coexistence of other 
human types is clear. Of the physiCEil characteristics of the^ it is 
not my province to speak. Here it will be suflicicn* to point out that 
their mteriucnU:, as well as their general associations, conclusively 
slioiv that they ^ared, even in its details, the common ciiltiirB of the 
age, followed the same fashions, plied the ^ame arts, and were im¬ 
bued with the same beliefs as the Cro-lJagnon folk. The negroid 
skeletons intercalated in the interesting succe^ion of hearths and in¬ 
terments of the Grotte des Enfants at Grimaldi had been buried with 
the same rites^ decked with the same sbeU ornaments^ and were sup¬ 
plied with the same red coloring matter for use iii the spirit world, 
as we find in the otlier sepultures of these cavefi belonging to the 
Cro-Mugnon race. Similar burial rites were associated in this coun¬ 
try with the “^ReJ Lady of Fnriland,-^ the contemporary Auric- 
naciftu date of which is now well established- A like identity of 
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funeral cufftom reciirml again In the scpulti^ of a man of tlio 
“ Briinn” raw on the casteni boimdanr of this field of culture. 

In other words, the conditions prevailing were analogous to those 
of modeni Europe. Cultural features of the same general character 
had imposed themselves on a heterogeneous population. That there 
was n considerable amount of cireulation, indeed—if not of primitive 
oorameroe— nmfjng the peoples of the Reindeer ago is sliown by the 
ditTiifiion of shell or fossil ornaments derived from the iylantie, the 
ileditcrraiiean, or from inland geological strata. Art itself is less 
ihe property of one or another race than has Btimetimes been im- 
5 ,p,i^.d_iDdeed, if we compare those products of the modern carver's 
art that have most an p. logy with tlie horn ami bone carvings of tha 
cave men and rise at times to great excelknct^as wo see them, for 
instnuce, in Switzerland or Korwuy—lliey are often the work of races 
of very different jibysicnl types. The negroid contributions, at least 
in the southern zone of this late Quaternary field, must not be undcr- 
estitnated. The early stcatopygoiis images^-euch as some of thea^ 
of the Balzi Rossi caves—may safely he regaled aa due to this 
ethnic type, which is also pictorially represented in some of tho Span- 

j8li rock paintings, , - n j 

Tht) nascent flame of primeval culture was thus already kmdiea 
in that older world, and. so far as onr present knowUd^' goes, it 
was in the southwestern part of onr continent, on either side of the 
Pyrenees, that it shone its brightest After the great strides m 
human progress already mado at that remote epoch, it is hard, in¬ 
deed, to uiideratand what it was that still delayed tho rise of Euro¬ 
pean civilization m its higher shape. Vet it had to wait for its^ful¬ 
fillment through many irulJennia. The gathering shadows thick- 
ene<] and the darkness of a long night fell not onrthat favored 
region alone, but throughout the wide area where Reindeer man 
had ranged. Still the question risefi--as yet imperfertly answered— 
were there no relay runners to pass on elsewhare tho lighted torch! 

Something, indeed, has been recently done toward bridging over 
the *' hiatus” that formerly separated the Xeolithic from the Paleo¬ 
lithic am^thc vawning gulf between two worlds of human ciUteuoe. 
The Azllinn-a' later decadent outgrowth of the preceding cuUun^ 
. u hicli is now seen partially to fill the lacuna, seems to be in some 
respects an impoverished sundval of the Aurignacian.’ The ei- 
ictcncc of this phase was firat eatabliahed by the long and patient 
investigations of Piett« in Etrutified depoats of the cave of 
Mas d'Azil in the Aiifege, from which it derives its name, and it has 
i'cen proverl by recent discoveries to have had a wide eirtension. It 
Bffords ertdenre of * milder and moister climate—well illustrated by 
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thi? ubirndfint^ of tlie liltk wood nnail mnufrnlis) and the 

jRcrpsftLng tendoncy of Uie r^indt'er to die out m the southern purts 
of the eren, so thdt in tlio fabric of the rharncteristic hnxpoona deer- 
horns ore used its substitutes ArtistTc designs now fell but 
the pol^'chrofoe technique of the preceding cige still survives in ccr-^ 
tam eehemstic and geometric dgnres. and in curious colored dgns 
ou pebbles, lliese last first CJime to light In the cave of Mas d'Azilt 
but they have now been found to recur much further aheld in a 
similar associatiOD in grottoes from the neighborhood of Basel to 
that of Salamanca. So like letters are some of tliese eigns that the 
lively imfigitiotion of Piettc J?atT in them the actual characters of 
a primeval alphabet. 

Tlie little flakes with a worked edgCi often known as ^PJgniy 
flints,*^ which were, most of them^ designer 1 for insertion into bone 
or horn harpoonSt like some Keolithie examples, arc very character- 
!sdc of this stratum, w liidi is wiilcly ditfused in France and else¬ 
where under the misleading name of ‘^Tardenoirian.’^ At Ofnet^ in 
Bavaria, it is associated with a ceremonial skull burial showing the 
coexistence at that spot of brachycephalle and dolichocephalic typea, 
both of a new character^ In Britain, as we knovr^ this Aziliani or a 
cloi^ly rtllicd phasCt i«^ tmceable os far north ai? the Oban Caves, 

B'liutj howevcri is of e^secial interest is the exietence of a northern 
parallel to this eultiiml phase* fir^t ascertained by the Danish iriveeti- 
giitor^ Dn Sarauw^^ in the hike stution of Maglemose, near the wfeit 
coast of Zeahind.^ Here bone harpoons of the Azilian type occur, 
with bone and horn rntplcmcnts si lowing geometrical and rude anl’- 
irtfl! engravings of a character divergent from the Magdulenian tradi¬ 
tion. The settlement took place when what is now the Baltic 'vaa 
still the great *^Aricylus T>fike/’ and the waters of the Xorth Sea had 
not yet bur$t into it* It bdotigs to the period of the Danish pine and 
biroh woods and is shown to bo anterior to the earliest shell mounds 
of the Kitcbemniddcn t>eople* w'hen the pine and the birch had given 
plicfl to the oak. Sintihir deposits extend to Svreden ftud Xorway 
and to the Baltic Provinces as for ns the Gulf of Firdand* The paral¬ 
lel relatifHishlp of this culture is dear* and its remains are often 
accompanied with the charficterietic pygmy (lints. Breulh how¬ 
ever/ while admitting the late Paleolithic character of this northern 
branch, would bring it into relation with a vast Siberian and Altaic 
province* dlstlngutshed by the widfsspread cxisienoe of rock carvings 
of Animals. It h interesting to note that a rock engraving of a rein¬ 
deer* very well stylized, from the Trondh]em Fjord, which has been 
referred to the Magkmofiiftn pha^, preserves the aimple profile ren¬ 
dering—two legs only i>eing visible—of early Aurignacian tradition. 

Lm taMKTUldtki 4d pAl^Hlblnu* *Up#rleur *t i™t vlmslflemtlDiL** Caafr^ Wtm* 
^t'Aat&rTOPr It d'ArcltioL liiriliLlit., XIVt** 8111,, CioiTti pp^, lOifh, 
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It is worth noting' that an art afli!iiit<3il to that of th^ petroglTpbs 
of thii ohl lUtaic n-gion long surviv€?d iu tho figures of the l 4 ipp troll- 
dmmB and still ocoitsionttHy lingers^ ^3 1 have mjself had occasion to 
ribsenc, on the reindeer-horn spoons of the Finnish and RnsaiDJi 
Lapps, whose ethnic rclntionship^ moreover, points east of the Utitb, 
The existence of a lute Pnleolithk province on the Russian side is in 
any case now well recognised and itself supports the idea of a later 
shifting north and northeast, just as nt a former period it had oscih 
lated in a sotithwestom direction. All this must be regarded aa cor¬ 
roborating tlie view long ago expressed by Boyd Dawkins* that some 
part of the old cave race may stLIl be. represented by the moi-km 
Eskimos. Tcstiit^s comparison of the jjhort'>itatnred Magdalentan 
skeleton from the rock shelter of Chancelade in the Dordogne wLtli 
that of an Eskimo eertainl_v ooofirtiu^ this eoncludon. 

On the other lumd, the evidence, alreally referred to, of an exten¬ 
sion of the kte Paleolithic culture to a North African zone, includ¬ 
ing rock ^nlptiircs depicting ti series of animals extinct there in the 
later age, imn' be taken to favor the idea of a partln] contLnuution on 
that side. Some of the early rock sc nip tn res in the sonth of the mn- 
tinent. such ai^ the figure of n walking elephant reproduced by Dr* 
Peringuey, afford the dearest existing parallels to the best Magda- 
leninn exmnpleA Tlierc ia much, indeed, to be said for the view of 
Avhich Sollas man exponent that the hushmen, who iit a more recent 
date entered that region from die north, and whose rock painting 
attained sudt a high level of naturaliEtic iirt^ may themselves be 
taken a^ later repree^tadves of the snmo traditionH In their human 
figures the resemblances descend even to conventional details, sudi 
as we meet with i^t C^ogiil and AJpent. 

Once more, we must never lose sight of the fact that from the 
curly Aurignuctan perioit onward a negroid element In the broadest 
fcnse of the word shared in this iirtisiie eiiltnre as fseeu on both aides 
of the Pyrenees* 

At least we now know that rave man did not suffer ony suddea ex¬ 
tinction, tliough on the European ade, partly, perliaps, owing to the 
new climedc conditions, this cultuit: underwent a marked degenera¬ 
tion. It may well be that, as the osteological evidence seems to impljt 
some outgrowth of the old Cro-Magnon type actually perpetuated 
itself in the Dord^igne. Wo have certainly lengthened oiir knowledge 
of the Piileolithie. But in the present state of the evidenoe it seems 
letter to Bnbeeribe to Cartailhacs riew that its junction with tho 
Neolithic has not yet been reached. There does not seem to be any 
real continuity between the culture revealed at Maglemose and that 
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of the iminedifttely siiperptised curly Neolithic stmtujn of the slidl 
mounds^ whichy moreovery iis hus been already said. cWdcnce u cliangfj 
both in dimutic ami geologicnl conditions^ implying a considerable 
inten^al of time. 

It is a eoDcimonplace of archeology that the culture of the Neolithic 
peoples thrwighout a large part of central, fiorthern, and western 
Earope—like the newly domesticated apeci^ possessed by them—is 
Etira^iatic in type. So, too, in southern Greece and the world 

we meet with n form of Neolithic culture which must be css^nliiilly 
regarded as a prolongation of that of Asia Minor, 

It h dear diat it is on thj® Neolithic foiindEition that our later 
dviliKaKon immediately slonds. But in the coradant chain of actiona 
and reactions by which the history of mankind is i>nimrl together— 
shoji of the extinction of nil concerned, an IiypotlieEia in this ease 
excluded—it is equally ecrtiiin that no great human achievement is 
without its eontinuous elTect, The more wo realize the substantial 
amoimt of progress of the men of the late Quaternary age in arts 
iinxl crafts and ideas, the more difficult it is to avoid the conclusion 
that somewherci “at the back of behind”—it may be by more ilinn 
one route and on moto than one (continent, in Asia as well as Africa— 
actual links of connection may oventiially come to light. 

Of the origins of our complex European culture this much at least 
can bo confidently stated: The earliest extraneous sources on which 
it drew lay respectively in two directions—in the Valley of the Nile, 
on one iriJc, and in that of the Euphmtes, on the other. 

Of the high early culture in the lower Euphrates Valley our first 
real knowledge has been due to the cxca^Titions of De Sarzec in the 
mtnindft of Tello, the ancient Lago^li. It Js now seen that tho civili¬ 
sation that we call Ruby Ionian, and which was hitherto known tmder 
Its Semitic gnise„ was really in its main features an inheritance from 
the earlier Sumerian racfr—culture in this case once more dominating 
nationality. Even the laws which Hammurabi tmdittounlly receiver! 
from the Babylonian sun god were largely modeled on the reforms 
eneicted a thousand years earlier by his predecessor, fTnikagina. and 
fli?cri!H?f! by him to Uie inspiration of the city god of Lagash.^ It is 
hardly necc8Stt.ry to insist on tlie later indebtedness of our civiliza- 
timi to this culture in its Semitized shape^ as passed on, together with 
other more purely Semitic elements, to the Metliterranean world 
through Syria* Caminn, and Phceaicia, or by way of As^TJtit and 
by means of the increasing hold gained on the old TIittitc region of 
Anatolia. 

Even beyond the ancient Mesopoiamian region w^hlcb was the focus 
of these influence^ the researches of De Morgan. Gautier, and 
Lampre, of the French “DtfMgation cn Perse,” have opened up 

L, W. KIs^ flivtnrr of Snmntr mD^ p. T*-^, 
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another independcLiii fieUt revealing n nascent ciWlizatioa equullj 
ancient, of which Elftm—the later Susiana —whs the center* Still 
further idield, moreover—some 300 miles east of the Caspian the in¬ 
teresting investigations of the PnmpcHy exfieElition in the muimck 
of Atiniu near A$hkubad in southern Turkestan, have brought to 
light a parallel and related cullure* The ]>ainted NeoUihic sherds 
of AnaU} with their geometries! de^DratioDj^ similar to ctmtempo- 
nirj' ware of Elam^ have suggested wide comparisons with the 
painted pottery of somewhat later date found m Cappadocia and 
other parts of Anatolia^ as well as in the north Syrian regions* It 
has, moreover, been reasonably asked whether another class of 
painted Keolithio fabrics, the tracer of whiesh e^stend across the 
steppes of southem BussJat and, by way of that ancient ^one of 
migrations ^ lower Danube and norHiem Greece, imy not stand 
in some original relation to the same ancient province. The now 
dificoveries, how ever, in the mounds of Elam and Anan have at most 
a bearing on the primitive phase of culture in parts of southeastern 
Europe that preceded the aga when metal was generally in use- 

Turomg to the KQe Valley, we are again confronted with an 
esitraordinary revolution in the whole point of view effected during 
recent yeera* Thanks mainly to the methodical researches initiated 
by FUiiderB Petrie, wb are able to look back beyond the dynasties to 
the very begirmings of Egj'ptian civilizationL Already by the doe- 
Lng phusB uf the Neolithic and by tlie days of the first incipient use 
of metulsthe indigenous population had attained an extraordinarily 
liigh level. If, on the one hand, it displays Libyan connoctlons, on 
the other w*e already note the evidences of eommerdal intercouree 
with tlie Bed Sea? and the constant appearance of rowing ves¬ 
sels in the figured designs show'$ that the Xile itself was extensively 
used for navigation* Flint working was carried to imrivalcd perfeo 
tiou, and special artistic refinement was displayed in the manufacture 
of vessels of variegated breccia and other stones- The antecedent 
stages of many Egyptian hieroglyphs are already traceable, and the 
cull of Egyptian divinities, like Min, was already practiced ^Tiat- 
ever ethnic change may have marked the esifiblishment of Pharaonic 
rnlflt here, too, the salient features of the old indigenous culture wera 
taken over by the new' regime. This early dynastic period itself haa 
also received cutirely new Ulustration from the same researches, and 
the fr^ihne^ and forre of its artistic works in msmy respects outshine 
anything produced in tho later course of Egyptian history. 

The continuity of human tradition, ae a whole, in areas geographi- 
eaUy c€anocted,llke Eurafrica on the one side and Eurasia on the other 
has been here postntated- Since, os we have seen, the Late Paleo¬ 
lithic culture wfts ntit violently extinguished but Sihows dgns of gur- 
vival* both north and souths we are entitled to trace elements of direct 
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derivntion fiom thb sowtCQ among thu inh^rit^d acquircmeats ihsit 
fmiilly led up to the higher forma of ancient civilizEition that arose on 
the is Me nnd the Euphrates, In tOEkny cilreetions, we may belieTe^ the 
flaming torch had been carried on by the rclaj nmners. 

But M hntj it may be n^ed^ of Greece iteelf, where homflii ctilturo 
reached its highest pinnacle in the rtneicut world and to which we 
^ook aa tiie principal eoiincc of our own civilbsition? 

Till witbin recent years it scenied almost point of honor for 
sical scholars to regard Hdlenic ci’^ilization as a wonder child, 
sprung, like Athena hcr^df, fully panoplied from the head of Xcus. 
The indobtednesa to orientLil sources was either regarded as compara¬ 
tively late or confined to eul-Ii deiimte borrowings as the alphabet or 
eciiain weights and moasures« Egypt, on the other hand^ at least till 
Ales^iiidriiie times, was looked on as something apart, and it must be 
£ald that Egyptologists* on their side^ wei-o only too anxious to pre¬ 
serve their sanctum from profane contact, 

A tnieF perspectiTe has now been opened out- It has been made 
abunduntj)^ clear that the rise of Ilelletiic ciTiiization was it^lf part 
of a wider economy and cau be no longer regarded as au isoktecl 
pbeuomenorii Indirectly, its relation tu tlie greoter world and to the 
aucient centers to the south and east lias beeoi now eEtablished by its 
aOiliatitiU to the civilizatiou of prehistoric Crete and by the revelation 
of the extraordinarily high dcgi‘ee of [jroficiency that was there at¬ 
tained in almost all departments of hmnajci art and industry. Thfit 
Crete itself—tlia ilid-Sea Land;^ n kind of hal f way house between 
three continents—should have been the cradle of our European civili¬ 
zation wag* in fact, a logical comsequeuce of its geographical positiom 
An outlier of mainlanii Greece, almost opposite tlie mouths of the 
Xiie. primitive intercourse between Crete and the farther shores of 
the Libyan Sea was still further facilitated by favorable winda and 
currents, Tn the eastern direction,ou the other htind, island stepping- 
stonea brought it into easy comnitmlcatlon with the coast of Asia 
ilinor^ w ith which it was actually connected in lute geological times. 

But the extraucous induences that were hero operative from a 
remoto period encountered on the Island itself a primitive incLtge- 
Roufi culture that had gffivvn up there from immcmoriBl time. In 
riew of some recent geological cakulations, m^h as those of Baron 
do Geer, who by co(inting tho nuoibera of layers of mud in T^ke 
Ragimda has reduced the ice-free period in Sweden to 7,000 years, 
it will not be superfluoris to emphasize the extreme antiquity that 
seems to be mdiCRted for even the later Neolithic in Crete. The 
Hill of Knossos, upon which the remains of the brilliant Minoan 
civilizrttion have found their most striking revelation, itself re- 
eeiubles in a large part of its compositloD a gi'eot mound or tell— 
like those of Mesopotamia or Egypt—formed of layer after layer 
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of human dcpositii. But the remains of ttie whok of the Intpr ages 
represented down to the earliest Minoan period (which itself goes 
back to a rime contemporary with the early dymMties of Egypt— 
lit a Jiiodemte cstiinnte to B. C* diOO) occupy considerably less than 
u half—feet, that is, out of a total of over 45- Such culculutiom 
can have only a relative value, but, even if we assume a more rapid 
accumiilation of debris for the Neolithic strata and deduct a third 
from our calcidation, they would still occupy n E^pace of over 3,400 
years, giving s total luitiquity of some 0,000 years from the pre^nii 
time.* No Neolithic section in Europe can compare in extent with 
that of Knossos, which itself can be divided by the churartcr of 
its contents into an early, middle, and late phase. But its earhest 
stratum already shows the culture in an advanced stage, with caie- 
fully ground and polished axes and finely burnished pottery. The 
beginnings of Cretan Keolithic must go back to a still more remote 
antiquity. 

The cc»atinuoua history of the Keolitliir age is carried Imrk iit 
Knoi^os to an cnrlier epoch than is represented in the depo^^its of its 
geographically related areas on the Greek and Anatolian side^ But 
faiflident materials for compariaon exist to s^how that the C'reian 
branch belongs to a vast province of primltiye eu^ture that extended 
from southern Greece and the JEgean Islands throughout n wide 
region of Asia Minor and probably s?ti 11 further afield. 

An interesting characteristic is the appearance in the Knossian 
deposits of day images of squatting female figures of a pronouncedly 
steatopygoua conformation and with hands on the brea^ts^ These in 
turn fit on to a targe family of similar images which recur through¬ 
out the above era, though elsewhere they are genemlly known in their 
somewhat developed stage, showing a tendency to be translated into 
stone, andj final ly-'pcrhaps under extraneous iulluencea both from 
the north and east—^king a more extended attitude. These clearly 
stniid in a parallel relationship to a whole family of fignres^ with the 
organs of maternity strongly developed that characterize the Semitic 
lands and which aeem to have spread from there to Sumeria and to 
the aats of the Anau culture. 

At the smne time this steatopygous family, which in other parta 
of the Meditcrmneati Basin ranges from prehistoric Egypt and italta 
to the north of mainland Greece, calls up suggestive rcminiscencCT of 
the dmilar images of Aurigmeian man. It Ls eapeciiilly interesting 
to note that in Cretet as in the iVnatolian region where these primitive 
images occur, tha worship of a mother godded predominated in later 
times, generally oiSiaciAted with a divine cULld~a worship which 

^ for n fnllicT it^lenEUJUl I mitit tc mj work, ^ TliO Nlbp Mihimn 

rVfMi!" raf»cliiUlAlii)r VoL li N«Uthtc Hcrlw. 
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later survival In li clfli^ical guLsc and infltieneeJ all Ijiter religrioti. 
Another [ntei'esting evidence of the tindeFlying religions communHy 
between Cme and Ams, Minor b the diffusion in both areas of the 
cult of the Double Ase- Thk divine symbol, indeed^ or Labrys^^ 
bee^^tne the special embloin of the palace sanctu&iy of Knosso^ itself, 
which owes to it ita traditional name of Labyriiitir, I have already 
called attention to tho fact that the absorptive and difisemujating 
power of the Roman Empire brought the cult of a male form of the 
diWnily of the Double A so to the Roman wall and to the actual site 
on which Newcastle stands. 

I ho faol aSiouliI never be left out of sight that the gifted indigenomi 
stock which in Crete eventually took to itself, on one hand and the 
other, BO many elements of esrotic culture, was still deep-rooted in ita 
own. It hadi moreover, the advantages of au insular people in tak¬ 
ing what it wanted and no more. Ibus, it was stimulate by for¬ 
eign influences hut never dominated by them, and there is nothing 
here of tlie sen'llity of Phomician art. Much as it assimilated, it 
never lost ita independent tradition. 

It is interesting to note that tha ffrst quickening impulBe came to 
Crete from the E^'ptiau and not from tha oriental side—the eastern 
factor, indeed, ia of comparatively iate appearance. My own re- 
searebca Imvo lad me to the definite eonclusion that ciilturai influx 
enccs were already reaching Crete from beyond the Libyan Sea be¬ 
fore the beginning of the Egyptian dynastiesL These primitive 
influenced are attested, amongst other evidences, by the forma of stone 
by the same esthetic tradition in the selection of matcriula 
di^titiguislied by their polycbromy, by the appearance of cailain 
Kymbolic dgua, and the subjects and a^paa of seoU which go back 
lo pi’ototrpes in ubo among the *^old race ^ of the Xile Valley. The 
impression of a very active agency, indeed, is so strong that the posai- 
hility of some actual immigration into the island of the older Egyp¬ 
tian element, due to the conquests of the first Pharaohs, con not ho 
excluded. 

The continuons inlluence of dynastic Egypt from i\s earliest period 
onward is attested both by objects of import and their indigenous 
imitation^ and an actual monument of a middle empire Egiptian 
wjifl found in tlie Palace Court of Knoasos, More surprising still 
are the cumulative prewfs of the reaction of this early Cretan civ^ 
i libation on Egypt itself, as seen not only in the introduction there of 
such befliitiftil Minoan fabrics as the degant polychrome bases but 
in the actual impress observable on Egy^ptUn art even on its religious 
side. The Egjqjtian griHm is fitted with Minoan wings. So, too, on 
the other side we sec the symbols of Egj'ptian religion impressed 
into the sendee uf the Cretan nature godded, who in certam respects 
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was partly as&ituikt^d with Hatiiorj the Egyptian cow goddeas of the 
underworld* 

My own most recent investigations have more and more brought 
home to me the aQ-penading cnmniunity between AHnoan Crete 
and the land nf the Phnroahs, WTien we realize the great indebte^i- 
ness of the BucceciJtng dasHicai ctiliure of Greece to its Mi noun prede- 
ce^t* the full sigtiificance of this conclusion will be understood. 
Ancient Eg>'pt itself can no longer lie regarded as something apart 
from general human bbtory. Its influences are seen to lie about 
the very cradle of our own civiUzatioti. 

The high eR.rly culture^ the equal rival of that of Egypt and Baby- 
lotiiQ;, which thus begHan to lake its rise in Crete in the fourth mil-^ 
lenniiini before our era^ flourished for some two thotisand years^ 
eventually dominating the JEgean and a large purt of the Mediter¬ 
ranean Basin- To the civilization^ as a whole, 1 ventured, from the 
name of the legendary king and lawgiver of Crete, to apply the 
name of "Minoan/^ whieh has received general acceptance; and it 
has Ijeen possible now^ to divide its course into three agGs---^arly, 
middle, and late, answering roughly to the siicceasjve Eg 5 q>Lia.n king¬ 
doms, and each in turn with a triple subdivialoiL 

It is difficult, indeed, in a lew words to do adequate instice to this 
earliest of European dvibrations* Its achievements are too mani¬ 
fold. The many-storied piilaces of the Alinoan priest kings in 
their great days, by tbeir ingenious planning, their sueeesfifnl combi¬ 
nation of the useful with the beautiful and lately» and lost but not 
least, by their scientific sanitary arrangements far outdid the siruilar 
works, on however vast a scale, of Egyptian or Babylonian builders, 
TVhiil is more, the same skillful and commodious construction recurs 
in a whole series of private tuansioiii^ and smaller dwellings through¬ 
out the island. Outside broad ICnossoe” itself flourishing towns 
spring up far atid wide on the country sides. Xew and refined crafts 
were developed, some of them bke that of the inlaid metal work, 
unaiirpas 59 ed in any age or country. Artistic skill, of course, reached 
its acme in tho great palaces themselves, the corridors, landings and 
porticoes of which were decke^l with wall paintings and high reliefs, 
Bbowing in the treatment of animal life not only an extraordinary 
grasp of nature but a grandiose power of comppsition such as the 
world had never seen before. Such were the great bull-grAppling 
reliefs of the oea gite at Knpss<H and the agouisilc scenes of the 
great palace halL 

Til© modernness of much of the life here revealed to us is aston¬ 
ishing The elaboration of the domestic arrangements the stair- 
rase^l story above atoiy, the front place^ given to the ladies at shows, 
their fashionable flounced robes and jackets, the gloves Bometimes 
seen on their hands or hanging from their folding chairs, their 
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rety rw ann prisma as 6c«u on the frescoes, pointing' their conTersation 
with animated jestures—how strangely out of place would it all 
appear in n classical design, ^''owhe^e, not even at Pompeii, have 
more living pictures of ancient life been called up ftu* us than in the 
Minottn Palace of Kno^:«. The touches supplied by its clnaing 
scene are singularly dramatic—the little bathroom opening out of 
the Queen's parlor, with its painted day bath, the royal dreught- 
lionrd flung down in the court, the veaaols for anointing and the 
oil jar for their filling ready to hand by the throne of the priest- 
king, with the benches of his consistory round and the sicred griffins 
on cither side. Bellgion, indeed, entered in at ovety turn. Tho 
palaces were also temples, the tomb a shrine of the great mother. It 
wfls perhaps owing to the religioue control of art that among all the 
Minoau representations—now to be numbered by tfaoitsands—no sin- 
glo eiample of indecency has come to light. 

A remarkable feature of this Minoan civiliaation can not be 
passed over. I remember that at the Liverpool meeting of this asso¬ 
ciation in 1390—just before the first results of the new discoveries in 
Crete were known—a dLitinguished archeologist took as the subject 
of an evening lecture Man before writing," and, os a striking e!t- 
ample of a high culture attained by “Analfabeti," singled out that 
of Hfyoen®—a late o Cahoot, as we know now, from Minoan Crete. 
To such a condtision, based on negative evidence, I confess T could 
never subscribe—for had not even the people of the Reindeer .\ge 
attained to a considerable proficiency m expression by means of 
symbolic aignat To-day we are able to trace the gradual evolution 
on Cretan soil of a complete system of writing from its earliest 
pictographic shape, through a conventionalized hieroglyphic to a 
linear stage of great perfection. In addition to inscribed sealings 
and other reconls some 2,000 clay tablets have now come to light, 
mostly inventories or contracts* for though the script itself is still 
undeci])lierod the pictorial figures that often appear on these docu¬ 
ments supply a valuable clue to their contents, The numeration 
also is clear, with figures representing sums up to 10,(300. The in¬ 
scribed sealings, signed, coiintemiarbed, and countersigned by con¬ 
trolling officials, give a high idea of the elaborate machinery of gov¬ 
ernment and nrlminiriration under tlie Minoan nilcrs. 

The minutely organized legal conditions to which this points con¬ 
firm the later traditions of Minos, the great lawgiver of prehistoric 
Crete, who, like Hammurabi and Mosos, was said to have received 
the kw' from the God of the Sacred Mountain. The day tablets 
themselves were certainly due to oriental influences, which make 
themselves perceptible in Crete at the Ijeginning of the late Mi noun 
Age, and may have been partly resultant from the reflex action of 
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Minauii colonization in CyprusH Frota this umc onward eiLstern ele¬ 
ments are more md inorie traceable iti Cretan culture and are evi¬ 
denced by such phejmmena as the introdactioii of cba riots—them¬ 
selves perhaps more remotely of Aryan-Iranian derivatioti—fttid by 
the occasional iiee of cylinder si?ala. 

Siuiu1tancou£!]y willL its eiistcrn eitpansion^ which affected the coast 
of Phienicia and Paiestino as well as Cyprus, Minoan civilization, 
now took firm hold of niainland 6pee<^-^ while traces of its direct 
infiuence are found in the west Mediterranean basin—in Sicilyt the 
Balearic Islands, and Spain. At the time of the actual concjucst 
and during the imniediately auceceding period the civilisation dial 
appears at Mycenie and Tiiyns, at Thebes, and Orehomenos, and at 
other centers of mainland Greece, though it seems to have brought 
with it some alraadv'^ ft5!similated Anatolian elements^ is still in the 
broadest sense Minoan^ It is only at a later stage that a more 
provincial offshoot came into being to which the name Myeen^ean 
can bo properly applied. But it ia dear that some vanguard at least 
of the Aryan Greek inmiigi^ants came into contact with this high 
Minoan ciilture at a time when it waa still in its most fionridikig 
condition. The evidence of Homer itself ia conclusive. ^\j~ina and 
armor described in tho poems are thoBo of the Minoan prime, the 
fttbicd shield of Achillea, like tlmt of Ilerakles described by Hesiod, 
with im daborato scenes and variegated metal work, reflects the 
nifLaterpieces of ^lincan craftsmen in ilie full vigor of their art; the 
very episodes of epic combat receive their best LBustration on the 
f^ignets of the great days of Myeenfe. Even the lyre to whidi the 
minstrel sang was a Alinoan invention. Or^ if we turn to the sido 
of religion, the Greek temple oeems to have sprung from a Minoan 
hall, its earliest pediment schemes are adaptations from the Minoan 
tympanum—such us we see in tlie Lion^s Gate—the most archaic 
figures of the Hellenic goddes^ like the Spartan Orihia^ have the 
attributes and attendant animals of the great Minoan mother,, 

Some elements of the old culture wen? taken over on the sosl of 
HelliLs. Others which had lieen crushed out in their old centers 
fiviiwived in die more eastern shores and islands formerly doniinated 
by .Minoan civilizatioiu and were carried back by Phomidan or 
Ionian intermediaries to their old homea- Iti spite of the over¬ 
throw’ which about the twelfth century before our era fell on the old 
Minoan dominion and the onrufib of the naw conquerors from the 
north, much of the old tradUion still eurvived to form tlie bnoe for 
the fabric of the later civilisation of Greece. Once more, through 
the dorkness, tbe lighted torch was cai'ripd on. the first glimmering 
Ha me of which bad been painfully kindled by the old cave dwellers 
in that earlier PaleoUtluC world. 
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Tbe Bomiui EjnpirOi wUicU m turn uppropriated tlic heritage that 
Greece had received from Minoan Crete, placed dvili^ation on a 
broader basla by welding together hcterogeDeoiis ingredients and 
promoting a co^opolitan ideah If even the primeval cultiire of 
the Reindeer Age embraced more than one race and absorbed es- 
traneoiis elements from many atdes^ liow mach more ie that the case 
with our own which grew out of tl\e^ Oreco^Romaa i Civilisation in 
its higher form tcndayi tlmugh highly complejc^ forms essentially a 
linitary moas- It lias no longer to be sought out in separate lumin¬ 
ous centers^ sinning like pionels through the surrounding night. 
Stilt less is it the property of one privileged country or people. 
Many as are the tongues of mortal its votaries^ like the im¬ 
mortals, speak a single language. Throughout the whole vast area 
Illumineci by its quickening rays^ its workers are interdependent 
ami pledged to a common causa. • • * 
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THK GREAT DRAGON OF QUIRTGUA, GUAl'EMALAJ 


By W. H, 

He^ii CMralflirp BepariHidti AnihrtipofoffU, x¥aitortd( 


(With 10 

In F«bruary, 1916^ the writer bad the good fortune to liccotno a 
uicmber of tlie Carnegie Institution's archeological expedition to 
Centj^al America. Under the able dlrectotship of Sylvimus G, 
Morley^ tlie fascinatuig work of exploring and studying in detail 
the remarkable remains of ancient Maya culture was rigorously car¬ 
ried forward. The especial object of this yearns expedition was the 
dificoTery of additional sculptured inscriptions embodying glyphic 
dates—for it is the dates, now read with facility, that furnish the 
skeleton of Mayau history. 

Among the ancient niiued cities visited while the writer was as- 
eocialcd with tho expedition was Quirigua in eoEtem Guatemala, the 
subject of much eciontilic attention during recent years. On arriv¬ 
ing at the site our party emerged from the tropical foitst that sur¬ 
rounds the few acres of cleared ground, called a park, in which 
the ruina arc inclosed, and came suddenly upon a group of the 
great sculptured monolitha* For a moment we were puzzled by a 
curious scaffolding and platlonu some 20 feet in height erected 
against the face of an elabomtely sculptured stela. Mounted on 
this plat form without apparent protection from the sun was do- 
Bcried the figure of a man posing befoiro a large Ganvas. It proved 
to be Mr^ Joseph Lindon Smith, the master portrayer of ancient 
monuments cngagcil in painting the portrait of tho mysterious per¬ 
sonage whoso heroic form La carved in high relief in tha face of the 
monument Tlie several paintings completed by Mr. Smith are pre¬ 
served in the Peabody Museuin of Etlinology and Archaeology, 
Cambridge, 

PEOELEMS OF MAY AX BISTORY. 

The reading of the dates, inscribed in glyphic characters on the 
s:u]pturied monumfmts, and in ancient manuscripts, h a most im- 

1 S^rlntikl wIOl naUtfir'i i^riij^D fir4Eil Aiird; WgiitiliEiEl p. Cl. 
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port lint first step in lliii Attempt to soke the probleinia of ^fayaii 
historj'j hni iinfortuijjitely this acbkvemimt is not an optii 2 ;>e^ie to 
dui full story of the moniunetiU of the juicicait civiUsHitiDn, Etich 
of the great can-e^l monolitlis is n gmiter riddle than the Egyptian 
•Sphinx* There is no abort cut to the luifolding of their i^ory, aud 
ordieolog}'- must take tip the tedimis but fascinating task. 

"With the monuments l^efore tm aiiil a limited number of d&tca to 
iKsgin with* we seek to fill out the outline thus meagerly sketched. 
We are doubtless safe in assuming that early in tlie Christian era 
certain groups of the American race, rising distinctly atiove the 
general level of barbansm^ began the constniction of stime Imild- 
ingB and the carving of uipmuiiente devoted to the service of their 
gods. They flourished for a few oonturics only^ and had paswed the 
zenith of their oulturakdeveiopment long before Ihu Spanish con- 
i|Uerora in the ristcenth century penetrated the tropical forests of 
Central America. Kumerous important cities that had arisen were 
abandoned and in ruins and thoir otoiy wholly forgotten by the 
decadent generations of the Columbian period* 

THE nuiNss OP QUmiGUA, 

The ancient Maya city, now known as Quirigua, is represented 
to-day by a group of enigmatical stone monumente t>uly recently 
retrieved from the dense tropical forest which has buried them for 
unnumbered centnrieSp These monuments comprise a large number 
of buildings and mcaiolithic sculptures. Such buildings os remain 
are in an advanced state of ruin^ while others are representiHi by 
mere mounda and plalforma of atone and Garth, The sculptures are 
scattered over the various courts and plazas* and bear mute lesli- 
raony to the high state of culture achieved by the people during 
the period of tlieir ascendancy—a period asadgned by IMorley to the 
early centuries of the Chri^Uan era* The monolithic aculptuiro are 
of two classes—iall* slender shalta known as fUeltc, Oiought to have 
Epeeial chi-onological significance* and low, masaive forms soDjelunes 
i-eferred to ns altars. 

The Btolie are 13 in number and range from U to 26 feet in height. 
They are elaborately carved with repfeHuniations of richly appareled 
personages^ both male and female, with associated symboUc devices 
and glyphic inecriptioiiSL The mosajve monmnents are 20 in umiiber 
and are cxLromely diversified In sculpturai treatment and in the 
subject matter embodied* It is assumed, with a high degree of proba- 
bilifey* that the entire group of monuments was the ^>at of the 
religions establishment or (stabliabmcnta of the city. All monuments 
of perishable material and all nonmounmeutal portions of the city 
have long since disappeared* 



SniithiDP-iin Hitmrf, 



View of the Great OfiAOo^f^ the Humah Fraunc SfHviNA td Indicate Jra REMAFtKAetE Si^e. 











^rfflllhjanLui R«por% 191ft.— 



The west Face of the Oheat DfiAflON. 
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Th& taiik of describing these intmuments has undertaken by 
Maiiflsluy. lie well, snd otlieraj and to the publicationH of these ex- 
jilnrei's tlnjse who would go deeply into tho subject ere referred. A. 
singk example of the sculptures—a work that takes high rank In 
the world of art—is selecied for detiiHed presentation in this place, 

THE GBtUT DRAGON. 

The tfoiiS—Ths massive sculpture sometimes called the Great 
Turtle may well be regarded as the sculptural maHieq>ii*co par 
excelletiee of the American race. It is a somewhat ovoid moss of 
coarse-grained sandstone of warmish gray color weighing about 
*i0 tons. It is upward of T feet in height and is 11 feet 6 inches in 
greater diameter. When the School of Anierican Archaeology began 
its work here the surface was deeply coated with moss and other 
tropical growths, which were CBrefiilly cleaned oil by Dr. Hewett in 
1010, repeating the task of Mandslay some 20 years earlier. The siir- 
foce t.'i now much weather stained, displaying strealjs and blotches 
of dark color, probably duo to the weothering out of fen-iiginous mat- 
ter ttintained in the stone, Tlie master sculptor appears to hare 
mtilized in a measure the original irregularities of the great block, the 
flattisb base of which rests at the ground level on a floor composed of 
I hree hewn steme slabs, 

Tiie origin of the block can not be detertnmed with certainty, 
ttUhoTigb it must have lieen brought from quarries in the bluffs 2 
or more miles to the west That it should have been carried by any 
means at the comniund of the aborigines over the soft alluvial flootl 
plain of the Itolagtia is, however, almost beyond belief j but tlieno 
gccms no alternative to this conclusion, unless we should venture to 
assume decided changes of elimato or altitude since that titanic task 
was accomplished. It now Hea within the ceremonial pla;ta near 
the southern margin, the two principal sculptured fronts facing 
north find south. 

East triwf ipcat faces ,—Approaching the stone from the east it is 
ob^rved that the entire surface is elaborately smilptnrcd, now in 
bigl), now in lo-w relief, and in graceful arrangements of strange 
foruis so diversified and intricato that analysis of the mazeliko com- 
ptex seeraa at first quite impoaiibic (pi. 1). There is a compounding 
and confuision of natural elements—human, reptilian, avion, ond 
grotesque—in all degrees of convention intermingled with formal 
patterns, scrolls, cartouches, and glyphic inscriptions, altogether 
amazing, yet distinctly attractive and higidy decorative. Notwith¬ 
standing our failure at first to comprehend a single feature of the 
work, the touch of the marfer was recognized in every form and line. 
The west side (pL 2) is nearly identical in treatment and proved to bo 
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eijoallv ituromprehejisible: and the jraaon for thisj as was aftertTards 
leamt-tl, is the fact that the Hgures on these faces are ineompiete in 
themselv'es^ bein^ contmuations and appendages from the sculp¬ 
tured figures of the upper surface^ which, to be traced and under¬ 
stood, must ho approached bj the student from that surface. 

Th^ n&rth face. —Proceeding to examine the work in detail, wo 
pnss to the north face (pL S), and attention is at once directed to an 
ekborately and elegantly co^omed human figure, strongly yet deli¬ 
cately carved, which occupies a central position in the broad face 
of tlie bloclc The figure is sealed, Buddha fashloni and presents a 
placid and dignified mleu. Including the headdress, it is about 
7 feet in height- Although tJio features am somewhat mutilated, 
they distinctly suggest a young and comely person^ possibly a 
female, altJioiigfa them appears to be some difference of^ opinion 
among students on this point. 

!&Iiiudslay ^5 drawing of this figure, reproduced in large part in 
plate t, gives to the face a delicacy and refinement somewhat at 
variance with typical Jlayan representations, and as a matter of 
course also fails to convey an adequate impression of the boldness of 
the relief. Tl^e right hand grasps a ceremonial devlee known as the 
manikin scepter, doubtless significant of the office and dignity of the 
personage represented, while the left supports a smatl, highly em- 
bcllislicd, fihicldlike deidce or symboL Joyce may be right in his sug¬ 
gestion that the ^pter is possibly a highly elaborated form of the 
hatchet, the almcet universal weapon of the Indian warrior and a 
common symbol of authority^ 

The costume is of Sfiperb design, te^itifyiug to the advancetl state 
of culture oncl refinement attained by the people of Qiiirigua. The 
details air so elaborate us to defy odcqiiste description, hence the 
drawings and photographs must be relied u|K>n mainly to tell the 
storj\ The headdress embodies a crownlike band over the forehead, 
surmounted by a complex of grotesque masks with deep^set eyes 
and vicioua fsng^ and a maze of scrolls, plumes, and Eymbols, all 
sculptured with a vigor and delicacy worthy of the masters of the 
Orient. Connecting with the top of the headdress are two pairs of 
iftrange appendages which extend to the right and left over the upper 
margin of the stone; they ate ornamented with incised checkerwork 
and various devices in relief* A graceful necklace spreads over the 
shoulders of the figure and expands acrosi the chest into a broad 
gorget, in the center of whidi is set a grotesque ma$k* Tlie mask is 
repeated at the and from this the garb extends down over the 

crossed legs in an apronlikc airangement embodying various serpen¬ 
tine elements and s}TntK>ls, and terminating in radiating pliimes. 
Tlie wristlets and ear ornaments are of usual Mayan types, the latter 
extending out over the Moulders. 
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Seeking to detormine the exact relation of the sculptured figure to 
the strango forms which surround it, we discover that it sits in the 
mouth of a great reptiliiin tnomtor, whoco upper jaw is arched above, 
passing behind the headdress, while closing in. on the figure at the 
eides the tiiskiike fangs of the reptile are to be seen. The outer sur¬ 
faces of the jaws are embellished with scalelike groups of glyphs and 
caxtonchea, and to the right and left in the curves of the upturned 
jaw are the deep-set eyes of the monster, the pupils of which are em- 
IjiuiHsh^ with glyphJike figures in relief. Beneath the figure the 
lower ]aw of the reptile appears with great rounded fangs at the 
sides. At the right and left near the base and connecting back over 
tlxe sides are sculptured panels in which grotesque and distorted 
demons appear, each holding tiglitly against his form a device hav¬ 
ing the appearance of a glyph. The possible significance of the 
human figure and its relation to the reptilian monster will be referred 
to later. 

The eeuth Passing to the south face of the stone, we dis¬ 

cover, occupying a central place in the surface, a great maskliJce 
visage of forbidding aspect, of the tjqw characteristic of the “ Long- 
nosed God” (pL 5), Although this deity is given varying attributes 
in the different Jlayan centers of culture, it is thought probable that 
in the present connection it may represent the god of the underworld 
and possibly also of death. The great staring cy® are set in features 
of atnmgc conformation, and the wide mouth displays fangs with 
molars at the right ond left and the usual tuisk coils springing from 
the outer comers At the aides are the ears, embelliahed with squarish 
loops and pendants, while above rises the headdress of unique and 
striking design. Inclosing the face and extending in terraced form 
across the headdress is a glyphic inscription neatly carved and taste¬ 
fully nrranged. Above the forehead and surrounded by the inscrip¬ 
tion is a beautifully dosigiicd scroll-inclosed panel from which looks 
out a human fjjce, the hands also appearing at the lower margin, 
while above and extending to the upper surface of the stone U a 
superbly chleded device set against the crown of plumes which e.v- 
pands widely to right and left, Medaliionlike cmbcllishmenta are 
overlaid upon the plumes, which terminate on the sbouldct^ of the 
imagf! in nil Gmajuenlttl beaded appeiidag^ 

To the right and left of the inscription richly embellbhed, rounded^ 
CDlmunlike forms or shoulders are enconntered Tvhich connect back¬ 
ward at thfl base with lljitdidk scaled pLites suggesting the Sipperg of the 
great sea turtle^and it is doubtless thi^ featuresthat gave the original 
name—the ^Great Turtle”—to the monument Observing their 
terminatiqn in what appears lo be a claw\ it is suggested that th^ 
were not intended as represents Lions of the flippers of any particu- 
loJT natural form, hut rather of a mythical reptilian divinity of non- 
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(tescript chfcraders. Their presence, recalling the open jtvwe at the 
northern end, makes it apparent tliut the sculpture as n whole was 
intended to represent the mythical bicephalous reptilian monster 
sometimes refcrwl to as the Earth ilonster or God, a frcqacnily 
recurring conception in tho native ponUieon. ’IVe may wcU 
that the sculpture embodies tho Quiriguan conception of tins deity, 
the forms of which are claboniU'd in various ways end in endless 
combinations according to tho attributes assigned to it in the my- 
thologv' of the dillerent peoples. A variant of Uiis conception, found 
in Copan, Honduras, issliown in an accompanyingilludration (pi. B). 

Tim shoulders of the southern end of the idol are cmljellished with 
vertical lines of glyphs cartouches, one group of which, illus¬ 
trated herewith, ia the glyphic date, while beneath, on each side, are 
panels inclining glyph-bearing denioni Encircling the arms above 
the elbow are bracelets of elegant design. The t-houldera are par¬ 
tially covered by the flaring featherwork of the henddn^ and by 
scrollwork which probably represents the outer elaboration of tlio 
jnws of the reptile, the mam portions of which appear to be hidden 
bv the inscription, 

*fAs ttpptrj* ^rtir/fflcef.-^limbing to tlve back of the fitrange monster 
tho imagination of tho observer is profoundly stirnHl. Although 
representing no known form in any kingdom of nature—a puro work 
of tho imagination-^ strange compounding and overlapping of 
human, reptilian, and Hviati elements, it conveys vividly the impres¬ 
sion of a living thing—a dragon outdragotiing all tlie comi^ite 
nioiiPters of the Orient. So virile are the forma, so tense the coiling, 
60 strong the impreBsion of life, that a thrill almost of apprehension 
Steals over one, for there is a distinct suggestion that the bulging 
imprisoned inner monster miglit break its bonds, uncoil its length, 
and Blido awav into the deep shadows of the forest immediately at 
liaml. This ertraordinary face of tho sculpture is shown in an ac- 
coiupativing Illustration taken from a model prepared by the Amer- 
ican Museum of Satural ilistoiy, in which institution Jliindslay'a 
full-size cast of the original is installed (pL 71. 

The ^ not q;uestionwl that the great groupa of 

monmnenla! remains that mark the aitea of the ancient Maya cities 
owe their esisteucc to religion and that they were devoted to the 
service of tho gods. The temples w ere tho sanclutiries of the divin- 
ilies, the resrorta of their mortal servitors, and storage places for 
paraphernalia the offeringB of the faithful. The sacred incln- 
sures. Uie courts and plassaa in which the great stone monoliths were 
set tip, were the coisioring places of the priesthood where the gods 
were mnsiilted and invoked—the sacred precincts where on festive 
oceasions the people were permitted to enter and to take part in 
elaborate ceremonies and where they were made to realize tho power 
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and glorv of die gods, thus itisuring their Trilling Eubscrvicnce to 
the temporaI powers. To the people the stclic, probablj originally 
Uio images of rulers set up at stated intervalsj as the dates indJeato, 
were divmitics to be rercred and served. The ^omorphic divinities 
represented by the massive altarlLke moumnents were doubtless in 
die native mind definitely individu&tizedi vitalized beings, eternal 
and endowed with varied powers of eitraordinary potency. Wlien, 
under the inspired direction of the shamanistic master, the sculptor 
carved a wing, it was not of a bird he thought; when he carved the 
reptilian fangs, it was not of a serpent he thought; when he carved 
tlie turtlellke flippers, he tliought not of a turtle. In all cases he 
had In mind a being or divinity, which, though a work of the imagi- 
natiun, pure and simplct was to him as real ns the living forms with 
which nature surrounded him. 

The assemblage of attributes represented in the sculptured dragon 
were not necessarily the invention of the people or the priesthood of 
Q.uirigua) for they must have grown up with the growth of myth 
through unnumbered genemtions. It is probable tiiat they were but 
dimly understood even by the officials who directed the sculpture of 
their images and who assumed to be the familiars of the gods. We 
may be quite sure that every one of the multitude of features carved 
with so much labor and artistic care had associated with it some ele¬ 
ment of myth. The dragon was doubtless regarded as the materia! 
embodiment of a divine being perhaps of the highest order in the 
native pantheon. May it tlien not be, as some have surmised, that 
this image Impersonates the Earth Monster, the World God, and tliat 
from the wide-open Jaws, facing the ceremonial plaza. Issued the 
divinity of the world of man, that through the glyph-hidden jaws 
of the southern end peered the grotesque demon of ^e underworld, 
and that the strangely compoimded visage of the upper surface was 
the guardian of the sliyf We must remain content, however, with 
mere surmises, until research penetrates more deeply into the mys¬ 
teries of ilaya mythology. Of one thing we may be assured—our 
imaginings, howsoever elaborated and fanciful, can be but os shad¬ 
ows comparetl with the complex imagery with which the 2-headed 
12-eyed dragon was invested by tho ancient worshipers of Quirigua. 

The ^nefiona.—Tile sculptured monoliths of Quirigua were can ed 
with a definite purpose in view and had a particular and very impor¬ 
tant function to perform. Although the highest technical skill of 
the people was lovished upon them, and the esthetic perfection of 
the result was kept constantly in view, the primary purpose was 
not the gratification of the craring for beauty. They had a vital 
bearing on the welfare of the people—a practical function of the 
greatest moment. Through the idols the mysterious powers of 
nature, which they were believed to represent, were reached, ond 
73S3G'—an IfllO-30 
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bv means of an elaborate Bysteni of shamonistir conjnrines an^ 
appeals, were placated, coatroUed, nnd utilL^ in the interests nomi- 
tmlly oi the people, actually of the shamonistic esUblishment. 

The Etory of the deTelopment of this strange ^stem of invo¬ 
cation of the gods through zoomorphic forms furnidies one of the 
most interesting and important chapters in the culture history of 
the American race, operating at all times as a strong force iii the 
direction of material, intellectual, and artistic advancement, and 
thifi notwithstanding the fact that the whole divine structure woe 
a work of tJio iniBgination piw^ and simple. The begmaingB of 
the function of the works which we call idols is to be sought in tho 
vague imn gpniT iga of primitive man when he first essayed to localize 
and interpret the myaterious powers of nature to which he found 
himself subject. 

As the result of his speculations he reached the geueralization 
that alt things in nature were imbued with life and power in some 
degree like his own; and special things, as stones, trees, animals, 
the heavenly bodies, were regarded as ba\Tng exceptional potency 
for good or evil; some were adopted by him as proloetive agencies, 
as charms and talismans—incipient divinities—while others were 
feared and avoided ns agencies of evil. 

In time, with the growth of myth, tho imiigination reached be¬ 
yond mere natural forms, conjuring up new beings, largely zoo- 
morphic in type, haijing special supernatural attributes and powers. 
Certain reptilian forms, on account of their dca^-dealing powers 
and mysterious waya were prime favorites, and in time images of 
these, with strange variations, took the place of the real creatures 
and were invested with attributes and powers in a smierior degree^ 
TVith the further growth of myth the conceptions became com¬ 
posites of unrelated originals, and the images were elaborated to 
the extent of tho mechanical and artistic capabilities of the pciyie. 
Carved in wood or stone and modeled in stucco or in clay, these 
became tbe centers about w hich sanctuaries were bnUt and cere¬ 
monies were coodncted-all deagned to cultivate the favor of the 
divinities whose forms they represented for good to themselves nod 
evil to their enemies. These activities, growing in Importance, led 
to the organization of bodies of religious servitors, of n shaman- 
iBtic priesthood whoso function it was to <xre for tho sanctuaries, 
conserve the sacrednesa of the idols, and formulate and conduct the 
elaborate rituals. But the activities of the prieitly establishments 
thus developed, baaed primarily on the idea of appeal to the gods 
in the interests of the community for the conunonweal, come, by 
a natural and inevitable extension of unquestioned power, to have 
otli«r and ulterior purposes In view. 
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The f<xteful trendy —^Th^ir^ is thus another eide to the story of the 
functions of the idols and of iho vast religious establkhments of the 
Muya cities. Under the undiluted control of an organized body of 
wide influence and a religio-political system hoary with age^ the peo¬ 
ple dmibtless helieved themselves working for the common good and 
in c4H»dienO0 to the bidding of dieties whose renlity and authority 
were constantly impressed upon them. They had no means of arri v¬ 
ing at a correct knowledge of the truth that the gods of the entws 
pantheon were mere Actions and that the revered priesthood, although 
the embodiment of the highest wisdom^ the promoters of learning, 
and perhaps also the conservators of moral standards, was at the 
same time a body of organised pamsites, their px^tion and authority 
being sustained by the cunning use of the imag^ in stone and the 
complex sy^m of festivals cozinected with their conjuration. 

We may not. bo far amiss in surmising that under the evergrowing 
requirements of the shamanistic body in carryiiig forward their am¬ 
bitious schemes, the energies and resources of the people were ab¬ 
sorbed in larger and larger measure—in quarrying, hewing, trans¬ 
porting, building, carving, providing, and serving, and that as the 
natural agencies of deterioration and decay made inroads on the 
splendid establishments which they had builded, they were called on 
to quarry and carve and build again m an ever-losing struggle against 
the elementa and against the undetected incubus of the ambitious and 
selfis^h priestcraft. We can readily conceive that these conditions pre¬ 
vailed until the energies and resources of the people were unpaired or 
exhausted, and that gradually the authority of the priesthood and the 
demands of the gods through them elicited no response from the im¬ 
poverished people^ fio that disintegration and decay rapidly super¬ 
vened, atid that the end came on apace, as it must come to all struc¬ 
tures builded on sand, and more especially to those builded on the 
treacherous sands of tlio imagiiiation. 

It thus appears that to account for the decay of the Mayan culture 
and the ruin of its wonderful cities we do not hove to call primarily 
on the more drastic agencies of destruction—war, pestilence, ebangy-^ 
in the level of the land, floods^ and eartbquakesj one or all of which, 
however, mny have aided in precipitating the disaster. The seeds 
of decay were inherent in the system, as they are inherent in every 
organization aod structure of whatsoever kind that involves the long- 
continued, ever-growing, and imrequited waste of the energies and 
resources of a people. 

EgiheHc --While the great dragon of Quirigua may be 

regarded as representing the culminating ^oge of religious art in 
aboriginal America, it serves also to mark the highest level reached 
in esthetic refinement The religious motive was the strong dynamic 
force which, moru than oil other agencies combined, carried culture 
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forward througk the prolonged stoges of ^ragery and barbaristn to 
the borderland of clvilb&ntiorL Dtie to a highly centralized rcligio- 
political form of government^ the people and tlieir resources were 
readily available m oarr^'ing out great undertakings, and rapid 
£tride^ in the development of institutions and arts were po^ble- 
The esthetic faculty dependent largely on nonest belie activities for its 
manifestations was thus afforded its greatest opportunity. 

The art^ of t0ste had their origin, ay. had religion, in the of 
savagery; and with some very ancient peoples, as the Troglodytes of 
western Europe, decided advance was made in both grapliic otul 
plastic representation of life fonns, and this quite independently, » 
far as is available, of any religiotis nssodation or influence. 

The Maya m the beginning may have pas^ tlirough. a correspond¬ 
ing stage of nonsymbolic art, but howsoever this may be, it was not 
imtil religious symbolism gave fSpccial signiBcance to the subject mat¬ 
ter of reprefientative art, that particulnr advance was made toward 
tlie higher esthetic expression. With this grcjit group, as with the 
American peoples generally, the esthetic in its higher manifestations 
grew' as a vino upon the strong stem of religious sj mlKilisni. Re¬ 
ligion furnished the conception and the energy and skill necessary 
to its realisation; it prepared the dcAign, supervised its application 
*o the stone, and drove the chisel that carved it. It demanded re- 
^stjUs in form^ finish, and embellisliment of the highest order, for in 
the view of their devotees the gods appreciated the beautiful as well 
as the essentia]. We do not lose sight of the fact, however, that ap¬ 
preciation of the qualities regarded as pleasing to the gods had Its 
origin in that which was pleasing to the man. Certain qualities of 
form, line, color, and arrangement gave pleasure to the eye; certain 
cpiftlitics of finish gave pleasure to the touch, and this appreciation of 
the qualities called csthetiOi, wag a thing of slow growth Ln the human 
mind, but of great momeiit in the history of culture. To the 
pleasure afforded by perfected qualities of the works themselves were 
added ahva>^ the incentive of religious fervor, the ambition to e.vcel, 
and the fascination of creating for creation's sate^ 

The importance of the i^hetic element in Maya art can hardly bo 
qverestimalcd. It is doubtfiil if any people at a corresponding 
stage of enltural evolution was more highly gifted witli artietio 
genius and appreciation and gave more attention to its application 
to all forms of art than the Biayan race. Evory plastic form nud 
every lino of the dragon bear testimony to this fact It was not 
religion that stipnlated' that no straight line and no right angle 
should, appear in the image of the dragon; it was not religious re¬ 
striction that provided that no curve should be the arc of a circle, 
that every curve should be suhtlc, and that all outlines of glyphs and 
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cartoMclies sliould lukfl the roundish, calciiliform clwracter. Every 
fentTiro of design had complete esthetic supervision {pis. 8, 8). 
Thnjiighoat America, plastic freehand methcula always prevailed over 
the mecbameaL in tlie creation of this monmncut the great motor 
force was religion, but the ever-watchful esthetic impulse joined 
hands with that force in making it a masterpiece of art. 

Dependence of art on religion is amply diown in what has been 
said, but the fact may be further illustrated. If in the course of the 
progn^ssive decadence of a prltuitive culture the religious impulse 
should lose Us hold on the people, all save the most ordin^y (H.thetic 
activities Avould cease and it is matiifest that no additional block 
would l>e hewn, fr<wn the quarrj', no great stone would be carried to 
sacred precinct, no mythic conception wwdd he applied to the stone, 
and no hand would be available to undertake the task of rcalisEation. 

It is observed that the ancient Mayn sculptor abhonnd blank spact‘.9 
in hia designs and also that in coses there is an overcrowding of 
subject matter, but no people baa ever filled in waste spaces more 
effectively than the scnlptors of Quirigua. The space-filling figures 
are not, however, mcie meaningless embelliahments, but ore doubt¬ 
less generally significant, having reason to be in the particular 
places where they ore introduced. In this particular masterpiece 
the introduced elements embody animals, human and grotesque 
figures with syiu]H>ls and embellishments all in agreeable accord 
with the composition proper. A somewhat definite idea of the gen¬ 
eral character of the design and tlie remarkable elafaoratton and 
beauty of the work can bo gained by a study of the photographs and 
drawings herewith presented (pi, 10), 

Teehnie The technic history of the great stnno begins 

with its removal from the quarry and transportation to the present 
spot. Ilow' this herculean task was performed must remain a matter 
of speculation. With a people nnacquainted with the highly de¬ 
veloped appliances of civilkation, the task would Bcem beyond the 
poesibitity of accomplishment. It is quite impossible to say whether 
the removal was by land or by water. If by land, a road hod to 
be constructed over ground now rough, now yielding and unstable, 
and u great force of men with rollers and ropes would bo required. 
If by water, a broad and deep canal had to be dug, and a raft of 
large proportions constructed and lutinclied to sustain the iznmeoBe 
weight. Unless decided evidence of the uae of the latter method 
appears, the former must be accepteil os the one probably employed. 

The designing and carving of the monimicnt, the methods and 
means, nre matters of great scientific interest on which wo have hut 
meager light. It was not a task within the reach of an uncultured 
people. The complicated conception had to be clearly in mind, the 
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tleaign had to be worked out in minute detailt and the applicatioiL of 
the drawings to the irregular munded surface of the stone was a 
matter of no little difficulty. As a preliminary step the sha|>e of tho 
stone had to bo modified to suit the purpose, the surface smoothed 
before the outlines could be appliEcI in pigment^, and the muriv fca^ 
tures adjusted to tlieir scTOmJ places preparatory to the beginning 
of the sculptors work. 

The execution of the work is a deep mystery and its sucee^ful 
completion a great maneL A lump of course sandstone—according 
to ifaudslay “a breocia composed of feldspar^ mica, and quartz, 
very absorbent, and weighing about ISO pounds to the cubic — 
had to ha attflcked with tools the nature of which remt^ins to-duy 
a matter of conjecture. It is generally believed that these people 
were without hard metal tools^ and althougli atone tools were prob¬ 
ably equal to the ta^ few traces of such toob applicable to the pur¬ 
pose have been founds We thus pause before a second my story j 
for had atone tools been used in the arduous and prolonged task of 
crumbling w ith pick and hjunmer and smoothing by abruders^ they 
would BtilJ exist and ought to bo foimd frcqiieiitly in the work of 
clearing and excavation, for it seems highly probable that the carv¬ 
ing of tlie various monuments was carried on, not only on the spot 
wdiera they now stand, hut after fin^il placement upon their founda¬ 
tions If bronze were used, it may have drs&ppH^ared by decay. 
However, thera are no traces of the use of this metal in any form 
and no documentary teotimonj supporting the hypothesia of its use 
by the Afayan peoples. 

A striking feature of the ocuIpturfLl work of Qutrigua, well illus¬ 
trated in the example hei^ presented^ ia the masterly workmanship. 
The dijaign ia adjusted perfectly to the shape of the stone, and 
there is no suggestion of incompetence on the pert of the sculptor 
and no indication of the lack of efFectiveness on the part of the im¬ 
plements uo^d. The forms, shallow or deep, simple or complejc, 
are all carved with equal directness and rigor* The chisel may not 
have accomplished all that the conception required, for ideala may 
rise entirely above the capacity of material embodiment, but there m 
no suggestion of hesitation or jncfficiency in the completed w^ork. 

Cuiiure The data inscrilnHl in likroglypJiio characters on 

this monument occurs on the left shoulder of the southern fremt, 
and, read by llorky, corresponds with the year 525 of the Chris¬ 
tian era* Certain groups of the Maya race, including the people of 
Quirigua, had made such advance in culture as to justify tho claim 
that they had attained the ^ate known as civilizatiom Glyphic 
writing was well advanceil, and students are pretty well agreed that 
a phonetic method of record, the uchievement of which best marks 
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tho dose of the barbarien and the begi tuning: of the civilized state, 
vioia an accoiuplisbed fact—not the perfected representation of ele¬ 
mentary sounds^ perhaps, bnt rather symbols for words and sjllables- 
In many of the arts the Jlaya had ttnide remarkable progress—in 
architecture, sculpture, the cutting of gems, pottery, the textile art, 
and metallurgy, they could compare favorably with the several 
countries of central and western Europe at oorrespondiug periods 
down to tlie year 525 A- D, 

TAs future.^Th^ great stone stnictureai of Quirigua crumbled 
beneath the attacks of destructive climatic agencies, aided possibly 
by earthquakes and other natural forces, and were deserted by an im¬ 
poverished and dkheattened people j and it was not long before the 
shattered ivaJls were deeply buried t>eueath their own debris and 
covered by the qnick-growing tropical vegetation. The monolithic 
sculptures scattered about the courts and plar^ remained entirely 
hidden from view by the tliick veil that naturo had spread over them. 
To-day all are brought to light again and stand exposed in the open, 
the delight of students and the marvel of the visiting world. In 
this condition they are unfortunately subject to the attach of wind 
and min, tlie wear by repeated cleaning, and injury by vandal hands. 
Nature, after ilisuster had fallen upon the city, spread over the ruina 
a mantle of protection, but to-day the e.TLplorer has exposed them to 
further ruin. No wall, howsoever strong, wiU stand exposure m tbo 
open in thi^ climate for a mngle generation. The restored walls of 
the principal building of Quirigua, from 4 to 6 feet in thickness and 
not exceeding 12 feet in height, laid up in 1910 with Portland rement, 
are to-day in a state of ruin as completo as the original walls were 
when iirHt brought to light by the School of American ^Vrchceology. 
In this state they are ready to welcome, as did the original ruine a 
thousand or more years ago* the quiek-growing veil of vegetation. 

The question of the future of these monuments thus becomes a 
uiatler of interest to the whole eiviLized world. So precious ore they 
to history and science and so valuable os a materjal to tJ^e peo¬ 
ple of Guatemala, that steps will certainly be taken to sbelter them 
from tlio dangers with which they are beset Is it better then, con- 
sidering impending obliteration, that they should have remained 
forever enlombetl in the forest ? Certainly not, for the stage of civil- 
ization has now arrived In which the historic value of such monu¬ 
ments is appreciated, and their story, so far as archeological science 
can reveal it, wiU soon be written into the literature of the world- 
This record must be so full and lasting that should the works them^ 
selves entirely disappear the world shall still have, and for all time, 
the full advantage of the story. Future generationa will, howover, 
hardly excu^ the present should tio adequate steps be directed 
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toward the preservatloQ of what romnina of these ma^erpieces of 
ancient American art Should the eastraordinai^ uppei^ mirface of 
the dragOD^ shown in an ficconipanying illnstratioa^ continue as now 
eicposed to the alemenis and to the wear that will come, what must 
we anticipate its appearance w ill be after the lapse of ii thousand 
jearsi The strongly relieved features will be ieveled with the gen¬ 
eral surface and the deep-set eyes lifted to heaven will, from tlio tears 
tliat fill them with every storm, bo blind depressions in the roughly 
pitted Burfaco of a great meaningless bowlder of aundstono. As soon 
as tlio work of exploration and record is completed tlie work of pres¬ 
ervation, of covering in, should bo taken up as a national obligatioa 
of the itepiiblic in whose custody the^ monuments must remain. 
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A PRElnSTORIC MESA \^RDE PUEBLO AST) ITS 

PEOPLE, 


By J. WaX-tdi Fewkih. 


[With 10 platen] 

INTRODUCTION. 

The Mesa Yerde, ot Plateau, is situated in the southwestern 
eomer of Colorado and sot Apart by Congress from the Ute 
Reservation for protection of its prehLstoric remains Its form is 
ovaU measuring about 42,000 acres^ with an average elevation of over 
7,000 feet above sea level, rising abruptly on the north side to 8,700 
feet, over 1,500 feet above the plam^ Its surface is cleft by deep, 
almost parallel canyons opening into the iLincos Talley on the south, 
between which are spurs of the mcM sloping gradually aouthward. 
In the canyons (pL 2) are located the most remarkable cliff dwellings 
of the Southwest. The top of the pluleau la dotted with mounds 
of earth and stone. The present article deals with one of these 
mounds, which was excavated and the expoi^cd ruins repaired by tlie 
Smitlisonlan Institution, during the montha of JtiJy^ Augtn^t., and 
September, 1910, at the request of the Secretary of the Interior, fol¬ 
lowing a reeommeudation of the writer in Ms report to the latter on 
6eld work at Sun Temple in the summer of 1915, 

Clusters of mounds composed of artilicially worked stones and 
earth situated on the surface of tlie mesa have long been known, and 
from indications these piles of stones were believed to mark the 
pites of buildings. None of these mounds, however, had been opened, 
or their eontenb invc!?tigated* The plan of operations was to de¬ 
termine, by excavations, the charader of the buildings concealed in 
them, and to interpret their cultural relations nnd significance. A 
cluster of mounds known as the Mummy Lake group wag c1io«en as 
promising and advantageously dtuated for this purpo^+ The exca¬ 
vation of one mound of this cluster revealed a large building of a 
type new to the plateau. 

The ImporUncG of the results of the work and their bearing on 
southwestern archeology may be better appreciated after reading 
what immediately follows A portion of the area now known as 
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Arizona^ Utah^ Colors do^ and New Mexico was inkabited in pre* 
historic timeB by InJiRns culturally unliki^ those of any other region 
of North Americay and for that reason thie unique territory t^ears 
the name Pueblo culture area. It % in ffl<?t, the only aboriginal cul¬ 
ture area whore buildings have determined the name, being die- 
Emguished from all othere mainly by arciiitectural characters. This 
limitaiion of characterLstic terraced communal hou^ to a geographi¬ 
cal area leads ua to asssociato climate or other conditions of that area 
with peciiljnritJes of bnildings^ as cause and effect. 

Of man when he fir^t entered the Soutliwest, we know little save 
that hk physical featum show that he was an Indian. The time 
of his advent b in doubt. Considerable obscurity also exists re¬ 
garding the direction whence Indian colonists entered this district» 
but there h no doubt regarding the geographical locality where 
Pueblo culture, judged from the character of buildings^ originated. 
The immigrant clans that first peopled the Southwest are ^ipposed 
to Imvo come from people who built neither clifi dwellinge nor 
pucbloSj consequently this style of dwelling originated exactly wliere 
it 13 now found. 

But tfio Pueblo culture must not be interpreted solely by pcculiiLri- 
tlcs in buildings^ for although it receivea its name from architectuml 
chanictera; the re are infiuentia! factors that it aharcs with those of 
□tlier tribes of Indians which are very important. Ono of the most 
notewortliy of these is the possession of maizo or Indian com as a 
reliable food resource. Agriculturo la one of the comer stones of 
the Pueblo ctilture. as tnm^omy is another. IVTicn mfin first entered 
the Southwesft he knew little of the advantages of stone as a build¬ 
ing luatcriBip for he built his hut of mud, sticks, or pocsiblj of skins 
of ttnimals. ITie North American Indian becamo a good stone 
mason as a result of n life in caves;. Nowhere outside of the South¬ 
west were elaborate biuldings* constructed of dressed stone by the 
aborigines north of ilexieo* Masonry and agriculture, then, a4^ the 
primar>' factors tlmt determined the essential peculiarities of Pueblo 
culture. 

The Meai Verdo was set aside as a national park on account of its 
prehistoric stone buildings and monimiente. While it presents rare 
facilities for a study of aboriginal architecture^ it shares with other 
regions of the Southwest the condition that irajicrishable aboriginal 
building have survived from prehistoric times. Evolution of 
ma.sonrj' in this region is a development which occurred in prehistoric 
limesi or before the advent of the white man. No European ever 
i^aw an inliabited cliff dwelling on the Alesa Verde, and nn article of 
European manufacture has ever been found in the undisturbed debris 
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of the rooms; Tliese cliff dweUmgs were abandoned before the 
Hpiinish conqu^. 

The inliobit^t^ of Ihe cav^ on the ilm Yerde were ignorant of 
hieroglyplis or letters^ and therefore have left no written account 
of their origin nnd early hLstoty, although, vague traditiona are pm- 
Eserved by their descendants, especially among Ihing Pueblos, as the 
l lopi. The most reliable data we now have to aid us in interpreting 
their culture are their buildings and archeological remains, or raonn- 
ments, and minor anliqidtiesT called artifaeta, especially objects of 
burnt clay, that they have left behind. Their houses are t!ie 
significant.^ As painted out by Westropp, in roferring to preldstoric 
and historic cultures of other races: Architecture is the external 
form of tJieir public life; it is an index of tlicir state of knowledge 
and social progress-^’ 

Dne type of building characteristic of this culture is illustrated by 
Spruce-tree House and Cliff Palace, but this is not tlio only form. 
There ai^ otberst such as Sun Temple, brought to light in the sum' 
mer of 1915, in which we find a building spocinlir/cd for religious 
purposes. 

Field work in the Verde during the siumncr of 1016 first 

revealed still another tj'pe differing con^derably from the two pre¬ 
ceding. This type, locally new, Is known to ethnolo^st^ as a pueblo, 
conimonly de&ncd us a terraced community building constructed in 
the open or not attached to cliffs. It is i representative of many 
buried houses on 3tlesa Verde, and it is not too much to my that 
formerly there were as many buildings of pueblo type on top of the 
plateau as there w^ere cliff dwellings in its canyons. Manifestly a 
knowledge of the Mes«i Verde variety of pueblo is desirable, aiicl a 
descri])tion of it will enlarge our conception of preliistoric culture 
in this locality. The object of the present article, tlien, is to make 
this known as a oontribution to our kiiow'lcdge of the aborigine^ of 
Mesa Verde. 

The general condition and situation of mounds on the surface of 
the plateau will first be considered. 

THE MUMMY L.VKE GnOUP Of' MOUNDS. 

’ One of the beat known group of mounds in the Mesa Verde 
Kational Park is situated south of a reservoir called Mummy Lake- 
Tliere is no good reason for calling this prehistoric reservoir a 
lake, for it is not a lake, and no mummies have ever been found in 
or near it. The term Moki Lake,” by which it is sometimes desig¬ 
nated, is equally meaningless;, but both names are so firmly fixed in 
litemfciire that it is difiknlt now to substitute others, 

MOW vrUtn ciO cUbAIi^&I tJclieolDC? liOaJiJ bariily utiuiEder tlUT ijwflltlca* 
ftrelLltjectiaal fdZtaJ, 
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The best description of this reservoir is the following, quoted 
from Baron Nordenskiold*s “Cliff dwellers of the Mesa Venie” 
(p. 74): 

A fitraeturc of coli 3 iflerBl)]<? sbtft, which wnn prrihftbly utilized for purpofieH of 
IrrtKotloim Itflfi cn Chopin Mesa, wtne klloiueterB nbote tht ercot rnluB nnd 
not Terr froio thu slope Into Myiilezimiii VMlIey, A litrpio deprca^ioii SO 
mrtera Ift diameter 1* syrrounded hr ft Inw* elmiliir wnll 4,5 footora thick. 
Wmer pretoibly uominrted to thU reflervolr fitnn Bome m Jiffhborln^ ^cIl 
T roct?a vt a ditch which forcted the cohnoctloa hjive been ulsd^erviitl north of 
th 4 - reserrolf by Hkliard WetherllL A view of tlio reservoir hi irtveti In 
uro 43, which, howoTer, whows onlj a pftft of ft low, rlnp-shapetl mound over¬ 
grown with huaht^e, ft 11 tliat la left of die tJilck walk Quito near ihe rtaor- 
votr we Slid the ruio* of a conalderable vdlago, hut the walls lire how levajed 
with the ground, leaving only hu^ heapd of Blons (O mark the site. 

Mummy or llciki Luke (pL 7, Rg. 1) ^ is flfi arti Rciul depression 
^rroundod by an oval or circular ridge of earthy in places outlined 
by double ivalls of stones suggesting rooms* EjtcavniiotkS at the b&^ 
of these f^touesj however, rfiow that their foundatitins do not estend 
far below the surface; but wort thus far haa not been sulhiuant 
to prove conclusively tbut tliere were not roorn^ on tbe periphery, 
ilumniy Lake lie* on the northern edge of a group of mounds 
where the s1oi>q of the surface of the plateau would seem to indi¬ 
cate that water could be readily drawn from it. It is probable 
that the farms of tJie ancients were situated between the pueblos 
of the ifimmiy Lake group^ and that tlicse famis vvei*e irrigated 
by water drawn from this rt^rvoir by means of irrigatiug ditches. 
In tile lime that has elapsed since the Mummy Lake pueblos 
were descried the reserToir, like the ditches, has been filled with 
wind-blown sand or Boil, so that its depth has greatly diminished, 
and at present water remain* in it only a short time. Probably in 
prehistoric days it contained a perpetual water supply of a purer 
quality than now^ when it is fouled by cattle excrement and madn 
Impura by mud waited into it from the surrounding banks; and 
if such were the case the reservoir probably supplied the neighbor¬ 
ing pueblos with drinking water, since springs in this neighborhood 
are remote and very diSiculi of aecesss. For instance, at the liottom 
of Soda Canyon there is nn unpalatable soda spring* n climb from 
whicb to the* pueblo le very arduous* Another spring, at the head 
of the same canyon, now used for watering stock, is ovor o inilo 
distant, while a third possible source of palatable water is near the 
head of Navaho Canyon, even farther away. There was a small 
reservoir, pcKsibl_v communieating w^Uh the larger by canals, now 
clogged witti sand at each momid in the group. One of these minor 
reserv oirs is indieated on the map near the Hiound excavated* 

A much worn trail extended from Mummy Lake to Spruce-tree 
House^ just cast of the house mseavated,, and between It and tha 
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r im of Soda Cauvo©^ This trail, MSod hy horsemen before the Gov- 
emmcnt road wos conetmcted, wns probably an old Indian path 
of great antiquity, connecting the various pueblos of the Mummy 
Luke group with Spruce-tree House and Cliif Palace, A steep 
branch trail da^nds from it over the rim of Soda Canyon to the 
spring above mentioned, near which are mounds of ruins sheltered 
by Steamboat Rock* This trail may have been usetJ by water car¬ 
riers in prehii^oric times^ 

The position of the mounds on the plateau near Mummy Lake were 
Drat designated on an excellent map of ilesa ^'erde, publkhed by the 
United States Geological Survey^ It ia evident from this map lUat 
the cluster of mounds near Mummy Lake is only one of sevenLl 
gioui>s; for instancct from tlie rim of Soda Canyon, looking north 
and east, four similar clearings can be seen, in each of which ore 
several artiidnl mounds, all of which have the some general form 
and are covered with sagebrush** No regularity Is noted in their ar<- 
rangeiiient (pJ. 1), but they vary in siae and shape, all appeiiring to 
have, as a common feature, a central depression, which, judging from 
that excavated, indicates a large kiva. We find superficial ovidencca 
of rectangtilar and ova! houses;, and in one instance the building 
under the moiitid may have a D shape. Fragments of walls project- 
iiig ubove the ground are absent in all cases, hut in one or two in¬ 
stances the direction of the buried wall cun be followed for a few 
feet by siirfai're iodications. 

there communes or clusters of small pncblos are more con¬ 
spicuous in clearings than among the thick cedars, the question nat¬ 
urally arises whether they wens built l>efore the cedars grew or 
whether man burnt or others'ire removed the trees of the forest before 
he laid Uicir foundations. The author inclines to the belief that the 
clearings ivere made by the hand of man, and that redars were grow¬ 
ing on the metfia when man appropriated it for hie habitation or for 
planting. When once removed the constant tramping of people 
would certainly prevent trees from again growing on the cleared 
areas* At the time the buildings were inhabited they were sur¬ 
rounded hy farms cleared of tinderbriigh, and it appears from tho 
amount of sand and soil filling the rooms of the pueblo that the wind 
played a great role in transporting sand to the mound fi*om the sur¬ 
face of the bare earth. Sagebrush or trees would lend to anchor 
the soil and prevent its blowing away^ which implies that the sage¬ 
brush haa grown ajnee the fields were no longer cultivated. As 
shown on the map (pL 1), one or two of the smaller mounds of the 
group lie outside the clearing or in the cedars, a few of which tr<M?s 

nlAtlaa of to wi^l^nuL Unrnd It bj Dr rrud^po, 
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also appear on top of the mound& It may be mentioned that there ia 
no evidence of a aagebrtiah clearing in the area about Sun Temple, 
which supports the theoi^ that it waa anflnished and uninh abited. 
Had Sun Temple been a domicile we would expect what we find in 
the neighborhood of Mummy Lake, some evidences of cultivated 
fields. 

The sagebrush clcaringa are very fertile and throughout the 
summer months are carpeted with flowers, the most abundant of 
which ia the “Indian paint brush’-; later these plants, rare or un¬ 
known the cedars, are succeeded by various species of asters. 

On account of the large number of flowering plants in the sage^ 
brush clearings, unusually tome humming birds are very common, 
but with the advent of autumn they likewise vanish and the leaves 
of the Bcmb oaks change their colors and the mesa top ia brilliautly 
painted with bright yellow and rwl. Almost everywhe):e, especially 
over tho surface of the mounds, fragments of poltcrj' are abundant, 
and here and there on the level surface between tho moundo are 
mains of low stone walls, suggesting pit-hotises,^ gardens, or irri¬ 
gating ditches. 

There are several clusters of mounds viaible from near the Mummy 
Lake group- On the side of Soda Canyon there is an elevated out¬ 
crop. calJed Steamboat Bock, which protects a cluster of mounds, 
with Bimny southern exposure, from the north winds. In a clearing 
on hills near the head of Soda Canyon there are also mounds or 
sites of former pueblos. It is important to note that these groups 
of mounds always ocenr in sagebrush clearings; their ocenmence 
among cedars, where they arc smaller, is common hut less con^icu- 
ons- The many flowers blooming in these localities show that the 
land is rich, and it is probable that Indian com could still be grown 
on the Mesa without artificial irrigation. 


MOl?SU *;XCAVATKD- 

The mound in the hlummy Lake group chosen as a type for es- 
cnvatlon to determine the character of Mesa Verde pueblos is situ¬ 
ated four miles and a quarter due north of Spruce-tree House, and 
is one of sixteen scattered at intervals on both sides of the Govern- 
nient road. It stands about an eighth of a mile ea^ of this rood, 
a few steps from the rim of Soda Canyon. This pueblo (pi. 4) might 
be called Far View Hntifle, for the distant southern outlook from it 
is very fine add has been commented upon by almost every visitor.* 
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From its liighest rooms ihe comers of the fotir States of Utah, Ari¬ 
zona, New Mexico, and Colorado—the only caiso in the coimtiy where 
four States meet in one point—can bo seen far to the southwest. 
Sleeping Ute Moirntnin, Ship Eock, once called the Needles* and 
distant monntaiius of Arizona, rise on the horizon to the south 
and west. In the less distant foreground, beyond a forest of 
cedars, one can trace aeveral important canyons of 4lie Mesa 
Verde, among which may tnentiojied Navaho, l^bincof, and Soda. 
^\lien the wind is favorable, the flag at Spruce^tree camp can be 
seen as a speck waving above the tree^- the course of Spruce-tree 
Canyon can be traced withont diffieulty through its whole length. 
The surface of the land south of the ruins is covered with a dense 
forest of cedars and pinon trees sloping to the south. Looking back 
from the w'elMcnowu tower at the head of Navaho Canyon or across 
countrv' from the fine rum. Spring House* one could make out the 
workmen on tlie ruin, with ^ good glass. Not many feet (SO) from 
the eoiitbwe^it comer of the court there is in view a large mound 
pleading for ei^eavafciou which may have an interesting story to 
impart regarding aboriginal culture. Tw'o mounds in the group are 
altuated in the cedars beyond, and a thirds of large size, lies just 
south of the edge of the sagebrush clearing. The site of the pueblo 
is the most prominent one in the southeast corner of the area, and in 
a way this pueblo may be said to dominate the others. It was 
probably the largest* the most populous and important 
^Mien escavatbu wort xvas begun, the entire surface of this 
mound* like all of the group* was covered with sagebnish (pL 3) 
and, like them all, showed a deep circular depression lu the interior 
strewn with stones and d^ris. Some seeker after curiosities had dug 
a shallow trench on the highest point of tha north side, revealing 
a fragment of a welbrnade wall and the sides of a doorway. From 
this a trench had been, dug across the mound to what was eveu- 
tually found to be tha south side. This excavation had not de- 
temxUied the form, size-, or height of the building, and probably did 
not reward the workmen with the small objects they $otigiil* 

Almo!^ every ^itor to the pueblo while the ejEcavation was in 
progress remarked on the quantity of dfbris that filled the rooms 
and naturally asked whence it came. Many visitors were sare it 
indicated a great age; that a long time had elapsed to fill the 
rooms. The writer has also ^ven much thought to this conditien 
and concludes that thia alone does not prove a great antiqity. It is 
difficult to explain this condition and to draw conclusions therefromt 
but an exEmmation of the arrangement or stratification of debris in 
the rooms ia significant. For several feet below the ^rface the 
debris consist a mainly of fallen stones mixed with adobe, resulting 
from the overturned tops of the wallis. Penetrating deeper or below 
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Klratum, soil free- from stonos waa fouiwi. This materml^ iden- 
the sand of iho platoati, appears to hai^e been bloirn Into 
oronght from ibe emroiuidiiig delds by wind atonns- 
Tht accumulfttlon of d^brb due to falling walla and the addition of 
wind-blown sand would progress very rapidly ns long as the wall 
projected iibove the ground^ but would then cease^ That time might 
bo measured by centuries, certainly not by millen.nium&F Iiower 
still occurs a layer of ash^ with fragments of charcoal a ^pay dirt 
in which artifacta ara ootrunon- This is ndsed with adobe, evi- 
dentiT remnants of plastering. Deeper sometimes foliows another 
layer of sand or an seolian deposit j a sequence not uniform and not 
the some in tliicknass in all rooms;^ Evidently some of the rooms 
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had been deserted and the sand accumulated to a depth of 2 or 3 
feet, after which they were neoocupied and foundationfi 
sand, the new walls hairing i 
adjoining walls on this fonndjiiion. 


GROUND PLAN OF BUILDING. 


The arrangement of rooms reduced to a ground plan is seen on 
figure U The lowest story of the main building has 40 secular rooms 
and four oeremonial chambers or circular kivas^ A few of the seen- 
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lar rooms have not been cxi-jivated to Ibeir floors. The majoritj of 
these ai'ie arrongod in two tiers on the north and west sides. Tliej 
are two-storied; the floor beams of tlio second story, which are 
rafters of the firstt were found and left in place* The row of rooms 
north of kirn A likewise show evidences of tlie esistence of a third 
story, so that it may be said tliere were about 50 secular rooms in 
the building. 

All the Reciilar rooms cm the west side were completely excavated, 
and earth was removed from all kivas* The court or dance pla^a is 
situated south of the main structure and Is inclosed by a low wall 
measuring 110 feet on the south iride, feet on the east nud 34 feet 
on the west aide- 

The peculiarity of tliis pueblo consists of a largB central circular 
kiva, around which are grouped secular rooms, to which are added 
enuiller circular kivas. This centml room recalls a tower* hut, unlike 
some of the tower?* this and the sciialkr kivae have pilaj^ers attached 
to tile walls for support of a vaulted root The great shco of iho 
central kiva suggests that the room was not limited to one clan: H 
points rather to a fusion of dans formifig bo intittmtu a union of 
several families tlmt the room niuy no longer Iso considcreci ns limited 
to men of one clan, but the meeting place of a fraternity of priests, 
drawn from several clans. The formation of such a fraternity is 
an advance, Eociobgieally speaking, opon what we find indii^led by 
tho small clan kivas of clilf dwellings and implies more recent 
construction* 

Tho regularity of the secular rooms, as ahowm in plate 5, tinkes 
the observer at first sighL The partitions separating these rooms 
run north-south and east-west and arc continuous through the 
pueblo. No such regularity is found in diff dwdlingSt although it 
is a marked feature of pueblo ruins along the Chaco and elsewhere. 
Ixduibitcd pueblos as Zuii, Walpiy and others diow this character 
ciidy to a limited extent* 

Tlie rooms of this pueblo are coasoiidated into a rectangular form 
with straight walls broken im the soutli. Tlie building Ls oriented 
apprciximately to the curiiina] points^ and terraced to secure sunny 
exposure on tho south side. The method adoptccl by the Mesa 
Verde people in orienting their buildings, m Sun Temple, seems 
to have been followed at this pueblo, and reveals a knowledge of 
solstitial BUn rising w hich is instructive. The sun priests of the pueb¬ 
los had, of course^ no compass and probably the polar nortli was un¬ 
known to them. Their north, west, south, and cast, as with the Hopi, 
arc not the same as ours and the line of the south wail of Sun 
Temple was determined by the position of the sun. It was not nuidu 
haphazard* but was care fully thought out and detennined by astro- 
notnical oh^servatioii Ik? fore tho fovuidation was laid down. At tho 
73830'^—sM —31 
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natumnal «]iiinox theoretically the suti risws in the east and sets in 
the west. In other worde, sighting from the shrino along the so^ 
called south ’wall on that date we ought to Bte the eun rise on u con¬ 
tinuation of that line^ if the wall extended exactly oast and west, 
Obfw?n ation Eihows that auch is not the fact j the aouUi wall does not 
extend exactly east and west. On the morning of the Slst of Sep- 
Icmber, in company with Kcreral others^ the writer determiner I this 
by obscrration, and found the lino of the south wall if extended 
wouJd touch the point of sunrise on the horizon n little more than 
20* nr^rtli of tha extended tine of the so-called south walL 

The ssime is true at sunset as Tiewcd in the opposite direction as ob¬ 
served by my friend, Mr. T, fL Leminon. The sun on that date sets 
about 20^ fjxtm the extended line of the so-called south wall, which, 
if projected, would touch the point of stmri^ at the summer solstice. 
This is so exact that the builders of Sun Temple probably deter¬ 
mined the direction of the wall by observation of the sun as seen 
froni the sun shrine at tliat solstice. The point of summer solstitial 
rising of the sun, as observed on the horizon, os well as sunset in mid¬ 
winter were cardinal points among them, as among the Hopi, and 
determined the lines of their templo devoted to stm worrfdp. U 
EJeems to htsTO been in somewhat the same way that the orientation of 
the ptieblo at Jfiimmy Lake was deiermined, but as the south wall 
ifr more irregular and the building more patched upon this side, it 
was not OB eafiy to make observations there as at Sun Temple, but it 
was possible to use the north wall for that purpose* 

Inasmuch as some of the highest walls had been reduced in alti¬ 
tude by the fail of their tops there had accumulated around their 
foundations a moss of detached fragments. The remains of fallen 
walh were especially extensive along the north wall, and the removal 
of this material was a work of considerable magnitude. Scrapers 
and stone boats were used for that pttrpose btit the wall ib^elf was 
laid hiine by hsnd* The fimds appropriiLted for this work were in- 
.sudicient to permit tlie removnl of this mass to a considotabic dis- 
tniice to make the desired grading, but an automobile mad was con¬ 
st nir ted around the min so that it can ije visited with little incon¬ 
venience, 

Tlie excavation was begun on the north west cm comer of the 
mound {pi which later proved to be a small square room {pi. 0. 
ftg 3) aunesed to this angle of the build iug It wns fotmd that 
the greater part of the northern wall had been reduced to about 
0 feet in heightj and that the partition walls of several rooms 
formerly attached to it had bocn shattered. The east wall (p!, 6, 
fig. 4) woe in somewhat better condition, but inclined so much out¬ 
ward that it was considered advisable to constnict a buttress to hold 
it up. The south wall (pL 8, %s, 1, 2) was irregular and much 
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broken down; hare ^fig* 1, a,) buttresses were nees^sary. Near a 

recess situated midway in the length of the wall propa {™, aa) had 
been constructed by the aborigines to hold it from falling while tho 
building was stiU occupied. The east wall also leaned considerably 
and had to be repaired. There id fine masonry in cert am portions of 
all these walls (pL 0^ tig. 2^ pL 10, fig. 2), but on the whole It was 
inferior to that i±t Sun Temple. 

As the number of toomd U greater than in Sun Temple, the work 
of o-venvation was more labonous thati in the preceding summer, the 
sJbnliered wxiUs necessitating more repair work. The walls of n 
few rooms had been constructed on sand foundations, indicating 
that these rooms had been deserted and reocttipiEHl. Other walls 
Rhow'edevidsmcesof haring hecn repaired while rooms were still occo- 
pie<L Tlie writer had no doubt that the bidlding was a Imbitation, 
as many objects of household use were found at all depths from the 
very inception of the work. 

The main uortli wall, e.relusive of a small room of unknown use 
on the northwest angle, measures llS feet frein the northeast to the 
nordiwest comer, and was formerly about 20 feet high. Tlie east 
wall extends 50* feet and the west wall ^ feet, both averaging 
about 10 fret high. There i& a court surrounded b}" remnants 
of s wall rising n foot out of tho ground ou the south side. This 
wall rises highesl where it joins the soiithcast and southwest angles 
of the maiti buildingp About nridw ay in its Icugth there JS a recess 
in the soiith wall, evidently intended to hide the entrance ladder, 
resembling a similar recess at Sun Temple and Clilf P.^lace. Tho 
angles of this recess and the accompanying wall show gCKKl masoniy ^ 
the cx>rnei‘s inclined sbghtty outward, not being properly bonded to 
Ihe remBining wall* The mosoan" throTigiiout is fair but showB all 
the funUs of cliff dwellers’ work; joints tinbroken, comers not lomdcd 
or pj'f>perl_v tied to ibe other walls* The adjoining surfuce^ of the 
siiperjx^d Stones were not fljit, the mason reljing upon abrerB 
of stones, set in mud, to fill the intervals between them. Ho so mub 
ti plied the number of tliese stones that it weakened the walls, for the 
mud in which tht^ were inserted easily washed out and the walls 
became unsEable in course of time, notwithstanding they are thick, 
though in, some coses the walls are narrow, not more than a few 
inches wide. Clarks of human hands, and in a few iu^nces im¬ 
pressions of corncoba were seen in the pointing of the walls—the 
latter perhaps aceidental; no marks of a trowel were found. 

Large, flat, thin, unworked stories set on edge occur at tlie south¬ 
west inner corner, where the wall Eurroiinding the court joins the 
fcouth waU of the main building. These stones are of such a sizwC that 
they may be called megalitlis, na it would ref|uiro three men to bandle 
one of them. Their insertion in the waH is regarded as a surviral 
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of A stiigi^ in sonthwedcrn mnsoDiy imtecediiDt to the empiojm^nt 
of hewn nik tliero wore no stones in the wnU con- 

stnietion that could not be i^rrie<l hy a single pair of hands. 

A nmjorjty of stones show evidences of artificial pecking or dres^ 
ing on their sur/]if\?s, n few being stnoothe<l by attrition* Plastering 
aa n nik la absent, but appears in layers over the siirliiees of the 
smnll kivyR. Its absencie on the rectangular rooms and presence on 
the kiva wiilb suggestH that it protected by lUo vaulted roofs 
of the lutterf wiiich fell long after those of the foriner, 

Tliere are many stones witlt ineiseiil decorativo figure, poi^^Jbly 
^ maRon marks,"^ different from those of Sun Temple set in the inner 
walk of the building* Tlie Bpintl (fig. 2), rr|>r™ 3 nlmg the serf>ent 
of the w^ater, occurs several times. The same figure was noticed on a 

round room lately" discovered a nillij 
from Sprucedree House and on a 
round tower in Cannon Hall ruiii| 
near the McElmo. One of the^ spi¬ 
rals was accompanied by radiqtingi 
periplieraK psralld lines^ sugge^ling 
a figure of the featlicred snake* Sev^ 
cral of the more strikiug figures from 
stones fallen or still renniinmg in the 
walls are showti in the accompanjiug 
fi^re$ (fig. 3)* They resemble de¬ 
signs on black and white pottery ware* 
Various mterpretatiuiis have been 
suggested to explam these figures^ 
some of wbidi ore fanciful; there is 
no reason to doubt tliat they were 
primarily dcfcorativc, but tiiey may aJso be symbolic* The compli¬ 
cated form of several Ltidsed figures suggests sometlring more than 
meaningless efforts at embellisliiueul j but it is loo mndi to liojje that 




Fjfi, Jjinhwitt laciMd an 

recti ai mAiHDrrp 


they httve ftiij value as iiiacriptloitB. Although tltese designs are 
rcgiirded as deoonttive, the Umitatioii of the sjidrxil to round rtjoius, 
towers, or kivas hints at a deeper significatice. There is an obscure 
legend among the Ilopi that circular kims are connecteil in some 
tray with snake ceromoniab, and the association of the spiral sign 
and circular rooms seems to support, in a way, this idea. 


TYPKs ov itooais. 

Tlie rooms have two sliaiMS, circular and rectangular, with tri- 
angutnr recesws between them, which are iuclosures, not rooms. 
The circular romns are evidently kivaa or ceremonial chambers. 
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evoIutianB of the men's rooina of an eofly time. The foiir drcnlar 
kivas are identical in form and aTchitecturni featn res Tvith similar 
rrioms in cliIF Kouaes, which identity may be explaJiied by the fnet 
that religiaua bnildingE preserve archuic forms. They ane^ as n 
rule, better constnjcted than secular dwellings. The secular rooms 
vary considerably, but have a general likeness in form, siae, and 
position of doorways 

Tlie majority of 
rooms founil in Mesa 
Verde cl iff honsps fall 
into the following 
tytses: 

1. CercmoDial 
roomsorkivaa: These 
are circular/ some¬ 
times D-shaped, gen¬ 
erally subterranean. 

There are two varic* 
ties of kivas—those 
that formerly Imd a 
vtiulied roof and 
those witl) a fUt roof. 

Banquettes and pi¬ 
lasters, lire h 0 1 e g, 
ventjiutorst and de^ 

Hectors are present in 
the former, 

2. Storage room^t: 

Tliesc are generally 
situated on the 
ground floor or below 
the otheria- They are 
wilhout windows and were apparently entered from the ropf; but 
cpfteii with ,^de entrances cammunicaling one with onalher. The 
largest number of rooms in diJt Imim are for storage of com and 
otlicr poasa^JoriK This tyjie may be regarded as one of the oldest. 

3. Sleepftng rooms* This type is the nearest approach to a living 
room, but h randy specialized for this sole use, 

4. Milling rocons: In tliese inclosnrea, often covered, but generally 
withotit roofs, we commonly find ii mill for grinding com, and some¬ 
times II fireplace for fry ing piiiper faresd or ^*pjkL'^ A room for 
this latter use is sometimes differentiated from tlic milling room- 

1 Tberf!' Im hJ 4 tfl Iw fc n^tUsoillAr Idr* lit •«» tOji? UsOocraHa T-lOf dP^UIafi of 
thf pafk. 


fliT. a.—Indiied flffori-i oO fuAimrjr. 
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Cooking was doiio out of doors, either in a secluded comer of the 
court or on hoosetaps; several rooms have comer fireplaces. 

5. Circulfir rooms: These roams are sometiines lookouts, hut as 
often dedicated to ceremonials. 

In addition U) those mentioned above, there exist, also inclosurcs 
of various forms, especially where we havo circular bivas set in the 
midst of a mass of rectangular chambers. All types of rooms above 
enumerated are not found in tlis excavated pueblo, but when present 
they appear to reproduce essential features ehameteristic of cliff 
dwellings. As a rule, all the different varieties are larger in the 
opon-air mins than in the caves, where the protection of a natural 
roof makes open, outdoor life more agreeable and convenient. 

Wooden beams of fioors and rafters of roofs, vei^ much decayed, 
were found, especially in the rooms north of the large kiva. The 
ends of Tveil-preseirved cedar floor logs of a basal room protruded 
into one of the rooms north of kiva B. 


CEEEaroN'IAI. BOOMS. KH AS. 

The well-known prescribed characteristic of cliff-houBB kivas_ 

depressiou wholly or partially undergroutid—is preserved in the 
pueblo by building nooms about their outer wall. The kiva floor is 
not at a lower level than the floors of Eurrounding rooms, but the 
walla of other rooms inclose the kiva, and thus sink it to all intents 
below the surface. This condition, which occurs in some of the 
kivas of the cliff dwellings, was universal at the Mummy Lake roiiu^ 

There were no windows in any of the kivas, and entrances wore 
by hatchways in the roof. The surface of a ki va roof was too small 
for courts; tlie ceremonial donees probably took place within the 
inelofiure on the south side of the pueblo. The method of coustnic- 
tion of all the kivas is alike; they were roofed the same way (fig. 4},i 
The central kjva is much larger than the remaining three, siiggesb 
ing the name “ assembly kiva,” it being possible that Instead of Irv¬ 
ing as the ceremonial room of a single clan, it was the room of 
a priest fraternity composed of several clans, or even nn assembly 
place of all the people of the pueblo, reflecting a more advanced 
sociologic condition than in cliff houses and moi'e like that found 
among pueblos of the Rio Grande, where we have but two kivoa for 
the whole popiilatiom 

As shown on the accompanying ground plan (fig. l)^ the three 
small kivas are constructed on the aarrje general plan as the kivas 
of .Spruce-tree Homse and Cliff Polai;*, All have six pilasters for 
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the suppoTi of a v&ulted roof, wd in some of tlu^ kiyaa the charred 
rcmnaiLtti of the rufters Htill rcjiuain. The most en^teru and northern 
kira^ (B, C, D) show eiridenoaa of a conlk^ratlon* * The amount 
of smoke on the p]ai^erlD|f of the walls Is greater than would appear 
on thfl piastvrud walls if the roofs had not been burnt; moreovci-j iho 
surfaces of the Avails ar& colored bright red. Tlie central kiva, A 
(pL is (!onstructed on tlie same general lines us are the small 
kivjis; It likewise had a vaulted roof supported on pedestals^ a 
lireplace^ ventilator^ and deflector. Ko terenicnial opening or 
sipapu' wras detected in the floor of tliis Idva^ which is abo tnie of 
B and C \ kiva D hast the neck and part of the handle of an cartheu 
ctip sot in the cast avoJI forming a hole just below the level of the 
top of the banquette- When seen from the lop of the room this 
msartion resembles a metallic pipe, for which it is often mistaken by 
visitors. Whether or not 
the opening represents n 
ceretuonial orifice is not 
knOAvn, but If it does this 
is the only Iruitanco known 
to the writer where a si- 
papu of tlds kind ia found 
in a side Avail and not in 
the floor between the fire¬ 
place and the Idva wall 
opposite the deflector. 

The con:st ruction of a 
vaulted roof over a room 
32 feet in dioincter was 
certainly a feat for stone-age masons that is worthy of more than 
passing notioep fCjiturally the winter could not believe this po^ble 
without the introdaction of upright snpporfai resting on tluj floor 
near the middle of the room. No evidence of micb verticals was 
found and no <kpreesdions in the floor for their insertion about the 
fireplace Avere obserA-ed* It seems^ therefore^ that tho masons acoom- 
plished the Aaulting by logs resting on periphcml pedestals (fig, 4)* 
m in smaller kivagi^ 

The cliff dwellcre are said to have l>een unacquaiated with the arch 
and keystone, but they were not unfamiliar with the so-called Maya 

IThe to iha Mta ca!3^ th* U tULI tiled tp 
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ttrch. Tlie mamniy about the entrance into tlio ventilator fi) of 
the large aasembl^ kiea, A, rccalLs this form of arch and is unique in 
the construction of ilean Verde ruins. It consists of & flat slab of ffiona 
fomiing the top FKJting on other stones, each set a little back from 
tlio one nliove it, making a form of arch, but not the keystone tyi^e, 


which, so far as known, is ab¬ 
sent in Mesa Vordo buildings. 



It may be s]iid tliat on the 
whole the best masonry is found 
In the kiva walls, os is true in 
other types of buildings. The 
ttidicntions are that the large 
central ki^u, A, is the oldest 
and that the otlier three, em- 


Fl«. ^rcli Id Ihsc at klvA A 

(SL-lUnkn I Ee), 


bedded in eurrounding rooms, were later added to its outer walls. 
Changes in tlie walla end reconstruction of sections of the same 
were made after the original foundations wore laid. This is espe¬ 
cially noticeable in t]ie position of the supijorts of the roof. En- 
dently tlie roof of the great kiva fell in before those of the smaller. 


BECtOAn ROOJilS. 


Besides the circular IdraE this pueblo has many chambers which 
were secular in character, crowded aWut the ceremonial rooms. 
Among these the rectangular form praiominates, although the inter¬ 
vals left between some of their walls and the outer kiva walls are 
inclosures of triangular or other ahapes {sec pL IS), These recesses 
often have doorways but were not used us room.s, as U also indicated 
by the fact that the wall is jagged and destitute of evidences of 
chinking or plastering. 

It may be seen, in the ground plan, that there are no courts or 
open passageways running between the rooms in the pueblo, and that 
tlie partitions arc made conapaotly, forming & aolid mass of buildingB. 

The rooms, ns a rule, are larger that tlioee of clilT dwellings. 
Their cntranocs are higher and browler, generally rectangular but 
there are two doonvays situated liacb of the large kiva, apparcjjllv 
in a third story, wliidi are T-shaped like those in cliff houses, open¬ 
ing out over tlie roof of this kiva. There are no external, lateral 
doorways in the north, east, and west walls, nnd but three instances 
where rooms open directly on the court through the south wall. Tlie 
evidences of a third story are confined to the north side, which sug¬ 
gests a terrace to the south; but as all the rooms an not exca¬ 
vated it is not iroesibla to determine wheUior or not threc-gtoried 
rooms are limited to this section or how extenaivoiy a terraced form 
characteristic of a large pueblo was foUowed. flm smoke on the 
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walls of sareral rooms above corner fireplaces, the abundance of 
hoxiBobold utensils^ as pottery and other objects^ show that the pueblo 
was once inbiblted and that people dwelt in tiie buildings many 
years, 

Nowhere is the plastering so well preserved os in the walls of 
kivas between the floor aud the level of tlie tops of the pila^iers. 
The stratification of this plaster recalls a custom among living 
pueblo people. It is cu^omary annually in February for the Hopi 
girls to replaster all the kivas* an episode which forma a part of 
luatral rites that pervade the Powarnu or purification from the evil 
god who has control of the fields m winter. A somewhat similar 
ceremony may have taken place in the Mesa Verde pueblos. The 
successive layers of smoked clay are indicated on Ee<!tiona of plaster 
from the wall of kiva and number at least ^20, This kiva had 
been plastered 20 times. 

On the floor of a secoad-story room, below those m which are the 
T-aliaped doorways^ were found slabs of stone set upright forming 
Li grinding bin, m which s grinding stone or a metate was found In 
place. In the west corner of the same room the walls showed marks 
of smoke and an arrangement of stone slabs indicating a fireplace. 

flESPim AXD PRESERVATION OF WAU*S, 

has been painted out in an account of Sun Temple,' the destruc¬ 
tion of the walls of rtiins standing under the open sky is largely due 
to rid lent mins or the infiltration of snow water and its subsequent 
freezing. To obviate thh destructive agency the tops of all walls in 
Sun Temple were covered with Portland cement kid on adobe with 
a foundation of broken stones or rubble, lliis precaution boa been 
found to accomplish the required results. Not a rock of the walk 
of Sun Temple fell from its place in the winter of 1015. The tops 
of the walls of the kivaa of the pueblo excavated during the summer 
of 1916 were treated in much the same way, except tliat a coarse groat 
was added to sand in the cement. 

In the repair work at Far View House it was neecsiary also to odd 
a few courses of masonry to the tops of the cxpo3e<l waifs, and to 
prop up the outer walls on the west and souih side with buttre^^^ 
The largest of these buttresses appears as steps on the west outer 
wall, which leunccl so much that it certainly would have fallen as 
soon os uncovered if not held up in this way. Tills buttress was 
constructed about fallen walk. 

To prevent the partition walk on the west tier of moms from 
falting when their supports were removed their west ends were tied 

lEsnTltlDa mMn BefMlr af Bail -TcraplE, Mm ¥€1^9 NttllAAi Puk. oi 
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with HQW masanry to the iuneF of tUs west walL This wils doiie 
with udoba imd ^riil be effectire for a few ye 4 Lj:s otily\ The top^ of 
nU walbi ought to be ooveied with Portland cement* 

Ill order to show the eaitent of the repair work on the tops of the 
walls tJie added conrsea were set a little back of the original wall, 
a mi^tliiid adopted from European archeologists 

Opinions may differ as to the amount of new' msscatry allowable 
in the repair of our ancient r uins , but the fact stiLl remains that 
unless the walls are protcotod they will fall in a few years Luto 
pilrai of Btone. To prove that statement one need only inspect eacca- 
vations where no repair work baa been dona* 

The amoimt of the apprepriation- was ^ gmall that it was not 
poeaibla to treat all the walls in the mimnor, much to the 

writer'a regret. 

CKMtn^RlEa 

Althougb no excavations were attempted for the sole purpose of 
finding human bones,* an almost complete skeleton of an adult was 
excavated from kjva B, about 0 feet below tho surface. This skele¬ 
ton was without potterj" and showed no evidences of having been pre^ 
viously buried with pious care, the distribution of the bones suggest¬ 
ing B secmitkiy hurried interment, po^bly some time after the 
pueblo was deserted^ Skeletons were not found under the floorOi 
A low' mound in w'hich the dead were systematically buried, called 
the cemetery, is situated near the ^utheast comer of die building, a 
few feet from the east and south walls. As with the cemeteries of 
all members of the Mummy Lake- group, this mound had been 
trenched and its eontonts removed many years before the writer begiLU 
work, eridences of broken mortuary vessels left, by the workmen being 
abundant over the surface. A few akuUs and larger bones were re- 
mo^ ed from the cemetery south of the pueblo, hut there remained 
witli the dead no whole pieces of pottery, so successfully had the 
graves been rifled by my predecessors. The bodies found were flexed 
or bent In a contracted poEition. 

Mixon AXTiQuirrEa. 

As stated above, the tw^o fnctore available for a knowledge of 
the history of a people ignorant of letters are buildings and smaller 
movable antiquities, such aa pottery and other objects. We have 
already treated the former factor, and there remains to be considered 
the latter, cjnbmced in the term ^ minor antiqnitiesL^^ So far 
relies go* informatiori dra’oti from these supports the concludon 

» n mmt bi mw\l Tfi «i.U th* rfli.dfrr^i attention tfl tbs fenjt Unt tlili Mfttcte li Ic^E^diH] to 
ile*J imlj Tltta cOltonl fwtorH Tlp«B whU^'h Ulv pttMilw luiir« becD CUezMitiatMl froii* 
4>tlaer etdckl qF AmoMm TBaiiiit. 
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derived from aiuhitecture, but a consideration of tlieir significance 
in nit its bcnrings must be left to a mom esliati^tive technical dis¬ 
cussion than is Ii^re possible^ 

During the remoTnl of earth from the rooms a large number of 
these small objects wore found, but in the present paper it is impos¬ 
sible to do more than consider a few of the many relics excavated in 
the course of the summer. The niajority of the objects came from 
the floors and in debris of the rooms^ but a number were picked up 
outside the walls. Tliese objects are practically identical with those 
fouud in cliff dwellings^ indicating a similnrity of culture notwith- 
fdanding there is a noticeable variation^ c^ecially in designs used 
in pottery decmution. Many duplicates of stone objects, a^ metates^ 
manos (blind stones)^ pecking stones;, mortarsj and the like, were 
gathered together and left in a conspicuous place where they could 
seen by visitor?, but the majority, and all unique objects, were 
brouglit to ’IVasbington to bo deposited in the Xational Museum, os 
required by law. 

Several of the smaller stones with Incised figures were set in ce¬ 
ment on the south wall about midway in its length near the ladder 
recess' other larger atones and some with incised figures were ar¬ 
ranged on the deflectors of the kivas, where they can readily be 
inspected. 

Many visitors commented on the largo number of household 
implements found here as compared with the paucity of the same at 
Sun TenLple. The explanation of this fact is apparent, for the open- 
air bouse was inliabitcd for a consldemble time while Sun Temple 
never had a populatiotu The scarcity of wooden implements, bas¬ 
ketry, and woven fflbrics of various kinds is probably due to the ex¬ 
posure of the rooms after they were deserted. Objects of this kind 
left behind tong sgo decayed; in some rooms there ia eAfidence on the 
walla of an extensive conflagration w^hich would have destroyed 
everything inflammablCK 

STONE EMELEMINTS. 

A good seHea of stone hatchets and stone mawls was exesavated 
from the rooms. These are generally grooved and |>olished, some¬ 
times w'itb ^larp edge^ although hatchets with rough surfaces and 
those with blunt edges worn down by hammering are also numerous. 
X few blades, possibly knivis^ are very finely chipped. There ^ould 
also be mentioned well-made arrowbeads and half a dozen well- 
fashioued spear points^ but none of tbcsei have shafts. Celts called 
fcamakiuj peculiar to cliff dwellings, were also found. A stone club 
unlike any weapon previously reported from the Verde was 

found on the surface. 
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i'eOKING ST0NE9. 

A yciy lurgnj number of implements that were formeriy iiiaed to 
dressing the stones of the masonry were naturally escavated both 
inside the rooms and ouuide the Trails. Some of tlieae had pits 
on tlie two opposite faces and wore pointed, others were girt by a 
shallow grooire midway in their length. They were made of a much 
harder Stone than that rompoeing the walls of the building and were 
evidently brought from a dUtjint locality, pi-obahly from the Muntos 
IliTer. One of the^ made of hematite tvus more angular tlian tlio 
nthers, It would appear that these pecking stones were sometimes 
furnished with a handle. 

Tlio many stone mortars and pestles, some of which wens much 
worn, and the numerous metatea and manos are instructive. There 
were fllOT found fiat stones on which pigments wore ground, and the 
iron oxides used for paint Trero not mining. All of these objects are 
identical with tlioac from tbo cliff houses and add their <juotn of evi- 
denee to that contributed by the ceramics and architactuio, that the 
pueblos and cliff dwellings of the Mesu Verde wore inhabited by peo¬ 
ple whese cult objects were identical in character. 

BONE ISIPLtSIENTS, 

The assortment of bone implenienta, dirks, neoflles, bodkins, and 
the like is instructive. They vary in form, in kind of hone, and otlier 
particiitars. It is rare to duplicate a perforated needle, one of which 
Was found In kiva A. The skin scrapjcr miido of a bear bone is the 
same as those reported from Cliff Palace. Tho seciions of .sinull bones 
cut off in a cylindrical form are probably ornaments. Their abafw 
lesenibles those fmm f^prucc-tree House, suggesdng tliat they were 
strung on a cord worn about die neck. 

ANIMAL FlOUBINEa, 

At least three different fonns of stone idols were found, all buried 
in kivas. In the ventilator of kiva D one of the workmen discovered 
the bead end part of the body of a quadruped made of sandstone, 
which reficmbles a bear's head. Another figurine of the same soft 
fitone had head, eyes, and ears fairly well made, but the body elon- 
gated^Hud angular, destitute of both kgg and tail. The third sjwcimen 
(fig. V) was pointed at one end, rounded at the opposite with flat side 
or bn.se, remindingone of the day imago of the Horned Serpent madeat 
the winter solstice ceremony ’ at Hano, one of the villager on the East 
Mesa of the Ilopi. This striking likeness more than anything elao 
has led me to suspect that it is an idol. 


' Wiflber CeiWiiUIjr at flUDi Anutr. Axiilu^, Vql. I, Ka ISW, 
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GOtiSi mriaur*3. 

In previous imports or Cliff Puluce' and Out-tree Houeg this writer 
called nttcdtioa to certain lialf-ovol stones found in kivas tliat Uc 
identified ua idols or fetishes. They represent the magnified end of an 
ear of com, and rosembie epceimens made of clay or wood still need 
in lIopL ceremonies, where they are colled kictokwi, com lulls; they 
lire in reality idob of Muyinwu, the god or goddess of germiiiation, 
li\T\en wooden forms are used, symhoh of corn of different colors are 
puintetl on tliem, or when made of clay a mosaic composed of kernels 
of different colored corn is regularly arranged on their surface. 
They are placed by the Hopi on the floor of tho kiva before tlie altar 
and from time to time are sprinkled with prayer mval. Two stono 
siiecimens were found in the ruin, both of which have the same gen¬ 
eral form as that from Cliff Palace; one (fig. 6) is covered with a 
white substance like meal; the other has, near its apes, two small 
holes of about the diameter of a lead pencil. 

piYrreaY. 

Ceramics as well as architecture presents important evidences 
of racial culture and the acquisitions from the pueblo, Far View 
House, are particularly signiiicant We Iiave estensivo collections 
of poltery from cliff dwellings, but no specimens have been deKcribed 
from the open-air ruins of tlie Mesa Vetde. It is therefore a pleas¬ 
ure to the writer to be able to add to our mnterinl the first collec¬ 
tion from one of the Mummy Lake mounds* that has ever been 
deposited in the National Museum. 

This pottery is practically the same in form, color, and symbolism 
us that from the cliff dwellings, and supports the eiiclence of the 
architecture, tlmt tho ruin is prehistoric and comparatively old. It 
lielongs to those archaic generalized types, widely scattered over tho 
iiouthwest, which antiKlate specialized and more modem varieties. 
We find a brge proportion of indented, coiled, rough ware, white 
ivjth black decorations, and a few specimens of imported red with 
idack figurre, Tlie figures on the lost mentioned are mainly geo¬ 
metric. linear predominating, with curved designs but no life motife, 
human or animal. There were comparatively few whole vessels. 

animsl hemain's. 

Portions of animal skeletons were found In conridernble numbers, 
especially in room 2(J, which was evidently a dump place and filled 

tA e«OBlde*«btr AmeoDt et ^pot hopUitc'' ha* dim? In (lie af till* 

j^up, Id wbteh minj uf rartrtuATf p&lltTT hM.wm iMrU mUd litpr mid lo 

miMfldm*. Tbfiw mn now lAlKlCd, Mmcm ' oF ^ Utm Vertte,” ainl m 
for it uttldf at tbe dlffWBL-M In IniUiidEui cIliT b&UAS nf ecmpMlKHU Mad V«^9 

i.ad cim dwctirise^. 
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with ddbris. Skeletal found here may Logically bi^ etippo^d 

to reii^eal the char^t^ter of the animal food of the natives, but the 
bones have not yet been fully identified, so that eondnBiom based 
on them must be tentative, We are, ho’irever, justified in saying, 
in thia preliminary aceount, that bones of birds, and quadrupeds, 
euch as rabbits, deer, antelppe. mountain sheept und elk, are per¬ 
haps the most common* Judging from tlic number found, it would 
appear that meat formwi a considerable part of their diet, but the 
indications are that the inhabitants were primarily vegetarians, sub- 
eisting tiiainly oji corn, l>Baiis, melons, and v^arious wild fruits and 
herbs, pinon nuts in season, and other products, many of which now 
grow wild on top of the plate-uu. 

coNCLrsroNS. 

We can not say, without more extensive excavations, how much 
variation may exist in the form® of Mesa Verde pueblos or the 
Rirangement of rooms in them, hut all the mounds superficjnlly 
examined show ae a constant feature ft marked central depression, 
apparently indicating a large kiva around which were arranged 
other and smaller roomsi We find surface indicatious of the pres¬ 
ence of all forms of secular and small circular sacred rooms, from a 
tower “with rooms arranged around its outer wall/- to round kivas 
eiiil)c<lded among stpiare rooms. The perSpheml wall of one or 
two impAPt ti circular form to the mound; thftt of others, a rec¬ 
tangular outline. 

The theoretical rignification of the mounds on the Me$ft Verde 
plateau ha^ not escaped the attention of Baron Xoirdensliiold, who 
arrived at this interesting conclusion which the presjent writer^s exca¬ 
vations prove: 

]V[ucb nicij be m.\d In favor of the that the vlTla^ on tho mem aaij 

Us^ UwpUctb are the wvrk of tbi* sdido i;wop^o, thotifli no pcKltlv? u^oof 
of tliii caa he Eiven. * • • As fftr ns can he Frntherod from the tienpm of 

ml OB that now maiflc the stu* c»f these Ttllnees, the wall* are rometnictort In the 
flfliDe Ulimier iui tho l>€^t built pnrtA of tbe CUff Fnlace or nnlcoiiy House* of 
hewn stotto in rv^lnr courseif. Hie cirmnsenicnt of the roomn, the plan of the 
hulldlog* otc^ ran not be AftccrtalMit without oxteruilve exravacloos, for the 
i-rocutlon of which t hjarl no time. The for more nUvanced j^tages of ileraj 
lUlRlnieil by the rulnn may powlbly tM» ndiluced es erldonee of thrfj- age. 

The OTidwice offered by Beron NordenskioW to support the 
theory tliat the cliff dwellings were abandoned and subsequently 
rei>eopled is not as strong as might be desired. 

It In xery protmbte fwrltw TfcinJeMltlfilrt, whose honwed tinnie will alwee* be 
ueoclntei) with the Mesa Vertlel that WKnc of the el Iff ilwelllngii were InhahEted 
eontertiponiiieonaTr with the rllloitea In the opeo, quiI i»crhapa eeca Inter than 
thejf. ThN Is Kusiteste*] hr the excellent state gf iwenerratloD shown by some of 
the (ormcr. for Uistaoce, Balcony Hoiwe. We ore forcetl to cniini..^^ ti,py 
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wtre almcdMod la ter than the vniagea on Uiq niosa. Some r«itares, for cat- 
ErnpU\ ihe BWiMirposltloo of wali-! c<jJiAU‘U<te<I wltb tlie greiiteot isroftelcacy on 
others built la a more prLinItive laiUcate that the cl Ilf rl well lugs luive 

been Inhabited el two dllTeretit cwrlcubt They were ftrat ababdoned ntul hnd 
portly tailea Into raluiSp but wore snibst-tiueiitly ropoop]€?dp new watLs belug now 
ormetl oti thv ruins of tbo old. Ttie best eeplaafttlon hereof oeeins to be the 
following! Qrt the plntMiufl and In the vnlloya tho Pueblo tribes obtained their 
^v’idest dJonibodon and ttiolr highest developmenL The nsjioerous villa gea, at 
no grent distance! trom imcli other, were strong euniiRh the defy thotr hcwtlle 
uolghbors. But iiflenAiinls^ from causes dllTlcult of Dniiuclatiofi^ a period of 
deeny set In, the aumber sad populntlon of the tillages graduully defreaseft and 
the Inhabitants Were again coEnpeiled to lafee refuge In the remote fastnesses. 
Erero Iho jwop^u of the Mesa Verde dnally auocnmbed to tbeir enenilefi, Tlie 
lueniury of their lust stniRgles Is rreserve<l by the anmerous buman bones foiinEl 
Iti aiony places jjtrew'n among ibe mined cUff dweUingB. These human remnlnii 
occur In MStuatlomi wlu^e It la Imiiosslble to a:$suine that they liave iN?ea Intetred, 

Thfl ^uppoaiUon that the cliff dtvcllera wm estermuiotncl bj tlieir 
enemies iti thnir byrie homes appears to the writer improboble ; nor 
is there proof that such a catastrophe aa that mentioned in the 

ctof^ing lines of the above quotation took place while they mbdnted 
the plateau. The ^"niitiierniig human bones found in many places 
srtrewn among the mined cliff dwellings admit of another esplana- 
iwti. The disjointed Jikcletens may have l>eeri left there by ^*pot 
huoteT^” w ho tore theiu out of their gravoe and sacrilegiously strewed 
them over the floors of the rooms. The writer does not believe all 
the aborigine of the plateau were destroyed in or near their cliff 
dwcUingg or on the plateau. Ho holds the opinioii that they mi-^ 
grated in groups large or small to the plains* The Utes, their ene¬ 
mies ha VO a tradition that they fought n^d killed many of the 
anclcnte inhnbithig the vgUeys at Battle Rock, near the Sleeping Ute 
hteuntsiin at the entrance to the McElmo Canyon. 

In a comparison of the pueblo above described with cUff dwelHnga 
protected hy the natural niof of a cave (pL 12) the amount of denud¬ 
ation of walls should have little weight in determiinug chronology, 
for tins wear resulting from rainfi beating on the walls is reduce^l to 
a tninimuni in the latter case, while in the former it is very great. 
The walls of pueblos built centuries later often suffer miidi more 
erDfdon Uufcn cliff houses in the same length of time. 

ITie lelrtLive excellence of the mnjsoniy is also not a safe ehronolo^- 
cal guide, for it degenerales as well as improves with siicccsaive gener¬ 
ations of workmen* Poor masonry generally but riot always ante¬ 
dates good masonry* The houses in Hopi villages^ still inhabitcdt are 
not as well made as those of buildings now in ruins, in which they 
say their ancestors lived. If legends aro reliable the skill of the 
Hopi masons has deterioFated: they have Itrat the ability they once 
exei'eised. Thus it by no means always follows that the walls of 
a well-made pueblo ruin are necessarily more modern than one with 
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rutler walls. These considerations throw doubt on the theory that 
the character of moAonry or the amount of erosion are good criteria 
by which to detennine the relative age of pueblo buildinge and 
cliff dwellings^ 

Tiio second question, “ How old are the cjLlf dwellings?*' is irapos* 
sihle to answer, but we know that cliff dwellings were not inhabited 
in historic times. Comrades of Coronado, in 1540, left no records 
of cliff dwellings in Xew Mexico, but Castaneda mentioned many 
inhabited puehlos, which is an argument in support of the theory that 
the latter was n phase of arcUitecture subsequent to tlie cliff house. 
No light is thrown by tlie writer's excavations on relative ebro- 
nologj', for no one can tell the age of either type of mins in the 
Mesa V'erde; nor is it possible to say timt the buildings at Mesa 
Verde are older or younger than some of the Chaco, Animas, Me* 
Elmo, or Montezuma Valley ruins, altiiough the walls of the pueblos 
on top of Stesa Verde are os a rule worn down more by the elements 
than are those in the mlley and therefore of a greater antiquity. 
The annual erosion of an artificially exposed wall on Mesa Verde 
is probably about the same in extent as in ease of walls in the valleys 
mentioned* Since, os a rule, the walls of the latter stand higher 
out of their mounda, the logical conclusion would be tliat the higher 
walls are more mod cm than the lower, but other facts must also be 
considered before this can be stated as a law. 

In a general way we can explain the supposed later construction 
of pueblos in the San Juan or its tributaries by the theory that 
their ancestors lived on the Mesa Verde, and tliat they left their 
ancient homes and settled in the Muncos or ^lontezuma Valley, 
whence they later spread down the river to distant points, as far 
as evidences of their culture can now bo traced. This would seem 
a more natuml oonclmdon, considering all the facts, than the theory, 
formerly' advocated by the writer, that pueblos were developed in the 
river valleys before the oncienta went on the m^m. 

The lik^ess of the pueblo excavated to the o^n-air community 
houses along the San Juan and its tributaries is close enough to 
indicate identity of culture. i\s loog as we were unacquainted with 
the essential features of tlie pueblos on the plateau we were nnable 
to make close comparisons with adjacent cliff houece. ITje rtseem* 
blnnces of community houses 100 miles distant from the cliff dwell* 
ings were known to be close, but the pueblo excavated fumiahes 
us with a coonecting link in our chain of similarities near at 
hand and on that account is of preeminent importance in a cultural 
compariann. 

The rceemblance between the pueblo on Mesa Verde aud those 
of the McElmo and Montezuma Canyons, and the similarities to 


MBfiA TEEDR PUEPI.0— FEWKES, 


485 


biiildingsj in the Plata and Animas Valleys have long ago been 
ret^ogniKed as a likeness of elz]tuft^p but whetber the latter are older 
or more modem tlian the Mesa Verde pueblos is still one of the 
many unsolved problems a^vaiting additional researclu 

If the plateau buildingizscavated owea its form to a euniivatof that 
developed in caves, it is therefore evidently of later construction imd 
this would indicate that the pueblos of the San Juan and its tribu* 
taries are abo of later data than the cliff dwellings, or, in other words, 
that architectural cbimictcristics of Mesa Verde pueblos vfere origi* 
nally fortnefl in cliffs and the congested forms there procluoed were 
later transmitted to the valleys. 

The Mesa Verde pueblo presentB no certain evidence that its type 
of building ie more modem than the cliff-house phase^ but if the 
above conclusion be correct a natural corollary would be that identi¬ 
cal open-air community houses in the Sail Juan nod its tributaries 
were settled subsequent to the cliff dwellings of which the Plummy 
Lake settlement is a survival. Although wb have no way of telling 
how old the fliesa Verde cliff dwellers or plateau habitntious are in 
ieftijs of the. Chiistiflii calendar, the writeri unlike some other archc' 
ologists considers them comparatively modem; w^hich does not mean, 
however, that man has not Lived on the mesa in some degree of culture 
for a long time previouHly, but only that ho was not a cliff dwdle-r 
or a Pueblo Indian several thousand years ago. We have some 
evidenre of the exktence of a pit-house culture, with certain kinship 
to the pnebloan, but the age of this no man knows with any more 
precision than bo doea the cause which forced man odginally to 
nmke any kind of a home in the secluded fostnessos of the Mesa 
Verde. 

jVn answer to the last and most difficult of all questions. 
became of the inhabitant^! is implied in the preceding Lines. The 
writer has held that the cliff dweller constructed a pueblo after he 
abandoned the cavesj and Ijclieves man later moved to the valkys^ 
where his cutture still survives. This culture is most apparent among 
the least modified living pueblos, aa the HopL Of course it is not 
claimed that individual clans migrated directly to the Hopi coimtry 
from Mesa Verde, but their culture traveled down the San Juan River 
^"alley and iiliimntety was bron^t to Hopi land. 

It is certain that ^>me of the Hopi clans lived in cliffs^ The %Snake 
people have definite legcndii that they once inhabited the great cliff 
liou^ of the N'avaho N'atiunal Monument Betatakin and KitsleL 
These Hopi legends, and similar stonea fiuind among other pueblos, 
are supported by many facts besides architectural and ceramic re- 
Eomblances. Ownc^^^hip in eagle nesls near cliff ruins ana claimed 
through ifiheritauce by the Snifeke ckns, b^usc they were ancestral 
73^^-eK iSifl-32 
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property. Water from the elitf dwellers* spring is still smigiit und 
iis^ in some ceremotxies of the Hopi for the tsRtac rc»SOT.‘ 

These and many other facts support the legends that some of the 
Hopi clans are descended fr<ini cliMwellmg clans t»r those foniierly 
living in pueblos nenr drff dwellings.* Not the least unimftant 
fart supporting tliis statement is the identity in artifacts among the 
twt> peoples, , _ 

Afi tlie f5hly other biiildliif^ situated under tim rupm sky r*n tlw 
idaleau is Sim Temploi it is natural to consider whetljcr the newly 
esravatcil ruin Uii'ows any light on the purpose of thm mvitenous 

eeneral form there ia no lik«n«ss9 lietwwn ilio two luuldin^ 
nlthough certnin details of niftwmry show the handiwork of a people 
•m the Rime stage of culture. I he Mummy Lake pneWo lacks the 
unitv and dignity of the rtdigious biiddingand pn^nte evulenres of 
liaving been T^pcatedly patched, as if rourtrueted at intennls bj 
different masons, often imskilleii workmen. Its walb have 
tered and repaired. Buttresses were cnnslnicied by tlie aborigine 
to prop it up in pbftsi before they deserted it, and, aa a nde, the 
maioufv is poorer. In Sun IVinple we.find two kivas m an open 
court ^parnted by passageways from bounding walls; m the new 
niin domiciliary' and ceremomal rooms are InlUJSl^d or crowded to- 
gi'ther, the couk being situated not within the main structure but 
cxtramiirnU surrounded by a wall on the south side. 

Then? is a certain likeness in what has been dGsignated the Itiva of 
the annex of Sim Temple to the small kivos of the pueblo, hnt the 
arrangement and form of rooms about them anc diffcrenL The 
ventilation of the Sun Temple kivaa was aecompl^hed m s different 
wav. The secular rooms are larger, doorways higher and broader in 
the ruin excavated «t Mummy Uke tlmn in Sun Tc*npliJ. 

Tlie writer desired to find decisive evidences in h«a field work at 
Mummy Luke supporting nr denying that the name Sun Teinpl^ 
was well given to the mysterious nun opposite Cli if I alaw- In that 
hope he was disappointed, but not wholly. T1.o work aWve bnefly 
outUne.! confirms hia lielief that fnn Temple and Far View House 
of tho Mummy lAike group of buildings were ronetnicted by an 
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Rborij^Dfl) pcMjple in comparitirely the same eultiinil stage ns tha 
cliff dwellers. 

Far View House is a pure type of pueblo buildingj limited to pre¬ 
historic times, its essetidul differences from the mixed or historic 
type, characteristic of modem pueblos, being its compact form and 
circular kivas embedded in surrounding house walls. 

It is desirable, now that the gencrtil features of one of these have 
been excavated, to extend the work to other neighboring mounds of 
the group. The writer hopes some day to see nil these iiioiinds exca- 


Ftu, f-sttnh. 



vat^d and Jtipaired. The dglit of a large.^ well^co^nstrmrfced 

pueblos in an area half a mile long by a quarter of a tnik wide 
would In' ns iiustructive as exceptional. The exeftvation and mpalr 
of this cluster of uiouiiihf wonld lie a worthy task for any institutioft 
to undertake, fraught as it u; with so many problems of archeologit^L 
interest, but it would require an enthusia^ic demotion to scitmtific 
research siiptiorted by a large Kuni of money and many monUis of 
arduous toil by akiUed workmen. 
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THE ART OK THE GREAT EAETinVORK BUILDERS OF 

OHKV 


By CBAflLEri WiLuauawMT^ 


[WItb 13 plAtes.1 

Ooe Qf our most uiterestin^ ab well as lea^t iiuderfitoad areheo- 
Lagical etilture groups is that whidi attamed its greate^st davelop- 
luant in ^uthem OtuOi and whose outposU extended into some of 
the nei^bomig States. Hi is group of people had attained a high 
degree of native eulture and had become wealthy and powerful at- 
cording to native standards. They had mastered certain simple geo¬ 
metrical problems, whbh were apparently unknown to their neigii- 
Ihjfs; they had learned tlie principle of the lathe, and made the 
first cutting tools of iron so far known in America. It seeuiS thac 
nearly all of the greater earthworks of southern Ohio w^ere built by 
them, but some of the smaller loounds, inclosures, and biiriiLl places 
sJioiild doubtless bo attributed to other tribes. 

The great earthworks under oonsidemtion are unquestionably pro- 
historic and apparently antedate the oecupancy of this region by 
liny known tribe. They consist mainly of round, square, and octag¬ 
onal inclosupcs, protected waya, burial mounds^ and m few domb 
ciliary and cSgy mounds. No object of European origin has Lieen 
found with any of the original burials in tliese mouiL4.1s. Intrusive 
burials of the later Iniiians are, of course, occasionally enconnteredf 
hut tlie^ must not bo ix>ufused wdth original intennenbu Mtrst of 
the artifacts, illustrated in this paper, were taken from mouuda 
containing skeletons and clay altars or places of ^crifioe. Tlie ex^ 
ploratioim were conducted under the general direction of the lato 
Prof. F. W. Putnam, by Dr. Met^, Mr, iloorehead, and others. Hio 
specimens from the Turner and Liberty groups are in the Peabody 
Musciitn of Uarvanl University, and those from the Hopewell group 
are in the Field Museum at Chicago. 

The skeletons and altam for the greater part were found near the 
base line of the mounds. The altars are usually heaps of clay, 
raised 1 foot or inor^ in the center and have sides sloping out- 
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ward and a depression a few inches deep in the top, which usually 
allows signs of eJtlrenie heat. Tlicso ultara are of various siEca, but 
iisunllv the earity or depression is about 3 feet in diameter. In the 
larger mounds, which have been ^stematically explored, notably 
those of the Porter, Hopewell, Turner, and Liberty groups a consid¬ 
erable iiuinber of skeletons were found in the same mounds with tiie 
fllUre. The number of altars occurring in a single mound ntnged 
from one to four. It is from the altars that many of the oltjrets do- 
ecribed in tliLs paper were taken, Other specimens illuairsited were 
fount! with skeletons or in deposits near them. 

SYUBOLIO EARTHWORKS 

Among the most Intereating of the carthworliB, wlien regarded in- 
dct>endentlj of tlie iirtifacLi they contain, are the elBgy mounds, 
wliich iippear to be related symbolicaliy to certain ohjecta recovered 
from the tmnuli. A brief notice of some of them may be of interest, 

The Serpent Mound of Adams County is the best known of tlie feiv 
earthworks of this class. The ill list ration of this work shown on 
plate 1, j, is reproduced from Frof. HoJmes*B draw'ing, made in 1&86, 
and undoiihledly represents the elligi' much as it appeared to its 
builders. MacLean’a plan, made from careful surveys in 1885, agi-ees 
with tlie above veiy cloffily, the principal ditference being in the 
broadening of the Jitreme projection in front of the oval and the 
adding of two small spurs tfiereto. Squier and Davis's drawing is 
incorrect in aevcnil respects, and seems to be more like a sketch-plan 
made witliout surveying instrument than the accurate survey claimed 
by them. In the Peabody Museum of Harvard University there k an 
unlinishet] plan from a survey made by Thomas P. Gore, of Hills¬ 
boro. Ohim ill 1878, which correspondB to those of MacLcati and 
Holmes with tJm exception of the wishbone-sbaiied section in front of 
tlie oval which is not Lndicuted. In this plan the embankmunts tipon 
either aide of the rear half of tlie oval which connect with that of the 
triangular incloaure appear as shown by both MaclA*ati and Holmiis. 
Portions of these, and Uie wishlxme-shaped embankment Incloaing 
the front of the oval, were much loaB conspicuous thou the oval and 
the main portion of the serpent. The^ were not considered by Prof. 
Putnam as parts of tlie efligj' at the time of its restoratioD. Before 
entering into details regarding the peenliar features of this earth¬ 
work, I desire to call attention to the serpent head wrought from cop¬ 
per shown in plate 1. A’l which was found with mniiy other copper 
objects in the great mound of the Hopewell group. 

As is well known to anthropologists, the serpent occupied a promi¬ 
nent place in the religious life of many tribes north of Mexico, as 
well as in Mexico and Central America, and it appeure in combina¬ 
tion witli the coamic symbol, or some of Its parts, in various sections. 
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Thw cosmic symbol Ln its coroplete focm rcpitsciits Ihe world as 
known to the Itidiuns and uaually confiistsi of ii drtlo or concentric 
circles inclo^ng a cross mid a ccntnil disk or circle- Tlda is said to 
n'prcsent llie snn, the four din.*ctinnE or four winds, tbe horizon, and 
also tlio earth, air, and water; sometimcB a dot or a circle appears m 
tlio center of each of tlio four world-qliartcrs. The awiistiku is im- 
doiibteflly derived from this sign. The serpent, which may be re¬ 
garded as tlie god of wind, rain, and water, and tlte autitbesis nf the 
aim, often apiMjiira in combination with the cosmic symbol or parLs 
thereof. The shell serpent gorgets of Tennt'?isee are well-known ex¬ 
am pics, In these, the serpent is coiled in the center of the disk mid 
the four arms of the cross connect It with the outer ciroie as in fig¬ 
ure 1, A rarer form in shell of a serpeut bead with a circle iimi cross 
also from Tennessee, is also shown in the flecompanying drawing.^ 

Rctiiriiiug to the copper symbol (pi, 1, A-}, it is nt once appaMut 
that we have a serpent heHd in onmbination with the eosiiiic sign. 
The outline of tlie latter Instead of 
being circular conforms to and 
foTTUs a part cif tbc outline of the 
head, and tbe arms of the cross 
which radiate from the central siui 
circle i^re unequal. In the serpent 
portion of the ^mbol we have the 
forked tongue (which was not at- ' 
tached to ihc head when found, 

but evidently beioiigs with it), the nostrils, eye*, tw’o U-slmped de¬ 
signs bach of tiie eyes, and ou each side near the bise of the hem I an 
eyelike design with two curYcd toothlike appendage*, nnalogous to 
those on the mica serpent shown on plate 9, m. These pmbuhly 
represent the four horns w'hk'h apiiear on most serpent designs north 
of Mexico, and replace the plumes of the serpent deity of Mexico iiiul 
Central Auicrica. 

With the ahwe interpretation Ln mind, we n ill turn to the draw¬ 
ing of iho serpent mound with a clearer understanding of ihU re¬ 
markable effigy, which probably represents a serpent in its entirety, 
combined with the ctwmic symbol. 

The cnitiine of the serpent head is marked by the inierrupterl oval, 
from the front of which projeeb, the tongue. It is interesting to note 
tliat in MucLean^s drawing there are two narrow divergingprojevtionji 
from the aides of this upiienduge near its free end, wbiidi he calls the 
forelegs of the “ frog." If these piiintod projections really existed, 
they undoubtedly represented the fork of the tongue. Thu Inner 
oval inclosing the iiUqt of stones where fires symbolizing tbe sun were 
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kindled is doulitless similar to one of the inner circles which occur 
in many of the ajTiibob of thia class. This, together with the oater 
intemipted oval, was compressed to conform to the outlines of the 
reptile's head. The opposite openings in the outer oval may repre¬ 
sent two arms of the cross. They seem to be analogoua to similar 
openings shown in A of the same plate. It is not improbable that 
th^ moy have been at one time a ci'oss witlun the oval. 

1 am well aware that the above interpretation of the serpent cfBgy 
is at variance with ail others, but U is much more in keeping with 
what wo know of the symbolism of these Indians than that of Squicr 
and Davis, who saw in it a serpent with open jaws swallowing or 
ejecting an oval figure, or of MacT.<ean, who thought it represented a 
frog ojccling an egg into the open jaws of the snake. 

A, very remarkable earthwork wljich seems to be of like nature 
to the one described above occurs on both banks of the Ohio River 
near Portsmouth. It is sliown on plates 2T and 28 of Sfjuier and 
Davis. A portion of this b illustrated on our plate 1, A It consists 
of a truncated central mound surrounded by a ditcb and having a 
graded way to the top. This is inclosed by concentric circles inter¬ 
rupted by passagawaj-B in tha form of a cross. This great cosmic 
symbtd is 1,300 feet in diameter and is connected with a group of 
works 3J miles distant by serpentlike parallel line* of earthworks. 
Thia gigatitioconventionalieied figure probably embodies ideas similuf 
to those of the serpent mound. 

In Paint Creek Valley, near BonraviUo, is an effigy of stones' 
which is reproduced on plate 1, n. It is about 250 feet in diameter 
and doubtless represents the foot and claws of tlio bear. Analogous 
designs are shown in b and <?■ The former is cut from copper and the 
latter forms a part of tlie design incised upon the liuinan femur 
illiLdrated in i, f, plate 4. 

The earthwork in the form of a cross with the central sun symbol * 
sliown in d, occupies u narrow spur of land in Pickaway County. 
Tlds undoubtedly embodies a meaning similar to that of the cross 
and csentral circle reprefiented in e, A, and A. The gateway to the 
great inclostire near Hamilton, Butler County,* is represented in f. 
This is probably also symbolic, as wo liave a tike design upon tbe 
bone shown in g, and plate 8, i and L 

ARTIFACTS OF METTAL. 

In common with other American tribes, the builders of the great 
earthworks of Ohio had become proficient in working native copper. 
This metal aecma to bavo been highly prised in tJiis region and was 
made into a great variety of (wtiamental or symbolic forms. Its 
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pmcticii] lUfe seems to h&ve been limited prinelpfilly to ax and adx- 
blades, ^viurh occur in conadderable niimliers with burials or as parts? 
of sacrttli^iil deposits. Indeed^ it is not improbable that these copper 
bhides esteemed os much for their intrinsic worth as for their 
cRicicncy as tools. A large nttitiber of eopjiscr blnde^a wen^ fottnd near 
two sbeletona In the great nioimd of the Hopewell group, tl^e largest 
of which weighed iiS pounds. 

The greater number of tlie artifacts of copper that have been 
recovered are of an oriiamentiil or symbolic character* Most of the 
copper from which they were made undoubtedly came from die 
Lake Superior region, although some may have been obtained from 
erratic masses carried southward by the ice aliects in glacial timea. 
The purest and most ductile pieces were used in tlie fonnation of 
thin slieets for covering various ornaments^ or for cutting into 
symbol 1 C forma: and the less malleable masses were worked into 
object a wdiich did nut require as much hamincTing* Some of the 
nuggets taken from the altars in an tmworked or slightly worked 
state contained impurities which rendered their further working 
impo^ible or nnpixjfitable. Experiments conducted by the present 
writer* show that alternate hammering and annealing are essential 
10 the successful working of native copi>er into thin shectat nnd it is 
probable that the mid of fire was sought by mam Itidiana in working 
this metal into any form that requii^d much hammering* 

The Rj>€K3imenii shown on plates were taken from burial depemta 
and altars in tiie great raoimd of tlie liopcwell group (Clark's 
Works) I Ross County, from the mounds of the Tnmer group, Little 
Miami Valley; and from tho Liberty group of Rim® County, most of 
them coming from the first locality. Figures ? and ? represent the 
straiglkt-nj uied swastika. As will be seen by turning to /, plate 10, 
it is not improbable tlmt these objects were worn at the back of the 
head. 

The design sliown in k is imdoubtedly u cosmic sjTubol, and the 
analogy of its more promiacut featurofi to those of the serpent he.tcL 
plate 1, seems apparent The de^ign^ rf, and h are imiionbtedly 
deri^'od frura the human face, and they shoTv a marked sense of 
humor un the psirt of the artisan w^ho made theiiL On plate 3, a 
and r, are represented two gurgetdike plates buch os are usually 
found with skekions. One of H^ese showa the remains of a piece of 
twined woven textile which had been preserved by contact with the 
cop]jer. rf and p are drawings of a crescent-shaped gorget and what 
iff probably a bracelet. Thc^ were found with a skeleton* And on 
the same plate, A, is a con vent ionuiized repre^ntatlon of the double 
serpent head which appears on the Citirinnati Tablet, What is 
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apparently u fi twitlet is illuslratwl in u. T'vo of tliese were taken 
from one of the altats of the Turner group, ik^ far as wc may }Mdge 
from siK*ciJiieiis thus far rftjo^ered, tlie great earthwork builders of 
til is region had not ottained ti proficiency in embossed work which 
ispialed dint of some other i«ctiau& Overlaying, however, was fol* 
lowed in making a couBidcrnble variety of objerts. One of the most 
elabornte examples of thb? work is shown in two of tiie heed 
dressoK on plate 4. I’hi* anllws of the largest of these are madi' 
from carefully selerte<l bnuiclit-s of woffll, covered with thin whects 
of rop]«r. The cores of the sprouting antlers on the second head 
dnssa (c) are also of wood, very iiently covered with thin dieets of 
the snioc metal. Some excellent exnm]ile5 in overlaying ure shown in 
the oar ornaments, bracelets, beads, an<l button-like objects where the 
foundation is of clay, wood, or copper, and the overlaying is of thin 
sheets of silver, meteoric iron, or selected copper. Braci'liitw of 
metal occur freipienUy with burials and are smnetimes found upon 
altars, and while the form vartffi somewhat, Urey are nsiially of the 
simplest consti‘uclion. Some of these are of cop[wr, very neatly 
overlaid witli thin silver. 

One of the most common personal ornaments of metal is Uie ear 
plug, ill list retkms of which opx>ear on plnle !». These are often 
found with skeletons and also occur in considerable nuinlHrs on the 
altars, A part of the head of « terra-cotta efligy from an altar of 
the Turner gi'oiip is shoa'O In A, ?■, which illustrates tlie manner 
of WGariiig these ornaments. Another fragment allowing the per¬ 
foration in the lube of the car for the lu^rtion of the omamenL Is 
, illustrated in o. Unusually' fine specimens of these onianients are 
shown in n> and ft. A pair of each of these was found with the ex¬ 
tensive copper deposit in the great mound of the Hopewell group. 

Various methods of constructing these objects are shown in a-ij, t. 
A hollow rivet, made hy rolling together a .rtrip of copper, usually 
connects the inner plates of the two disks. One of these is shown in 
e. Their relative positions are illusti-ated in the eroscj sectiona ii, r, 
rf, /. .iVnotlier less common methr>i] of joining the disks is illus- 
ttiited in ff and L Here the ends of the pulley-shaped piece of cop- 
jwr are much expanded, and to these the disks are secured by turning 
under tlie edge of the outer plate. In y the upper disk has been re¬ 
moved to show ihc construction. In most of the specimens each of 
the two disks which are joined by the rivet is made up of two or three 
plates, the outer of w'hkh is of carefully wrooght copper, silver, or 
lueleork iron. Sometiines, to assist in keeping the plutcs in their 
proper positions, the space between them is filled with clay 4}, 
wliii'h upon ilrying adds much to tlie firmness of the ornament. 
Sometimes the rivet is reinforced by hammering a piece of metal 
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arounii it as iUuatrated in / (J, or by tli« use of an outer band i, up- 
pi ied as f 7, or tbe rivet may be wound with vegrta) fiber or coni ns 
in kf and c 5< 

OTHKK HITT A] 

The occurrence of meteoric iron in most of tbe mound groups lliat 
have been systematically explored, m the form of nnggcU or worked 
into various objects, shows that its mnUeobUity was generally under¬ 
stood by the people of Uiis region. It was worked into headplaUw, 
breastplfttes, Iwads, coverings for ear plugs, adz blades, cliisels, and 
drills. Plate i e shows a meteoric iron blade, and several uhisela of 
this metal with portions of antler handles still Adhering to two of 
them are illustrated in f. 

Native silver sometimes occurs in considerable mnises In the 
mounds. There are two nuggets in the Peabody Museum of lian-ard 
University, the comhined weight of which is 133 pounds. Ihese 
Were taken from a mound at Cl rand Rapidsj a northern outpost of 
the Ohio culture group. Silver seems to have been used principally 
for overlaying eop|ier and wooden objects, such ns buttons, ear 
plugs, and bracelets. Many beads were also made of silver, souie of 
tlietii being quite massive, 

CSold was very rare indeed in the mounds. There are one or two 
references by early writers to finding of gold objects, but the only 
aiitbetitic specimens known to the writer are several small sheets 
bammered from small nuggets, which were teken from an altar of 
the Turner group and are now in the Peabody btuseum al Cam¬ 
bridge. 

ENOHAVINGS UPON BONE. 

The rtecomted hunmn femora illnstrated in plate fl, a and f, were 
found with skeletons in the great mound of the Hopewell group, and 
tl» designs engraved upon them are shown developed in 6 and iv 
The different parts making up the rompositc bumim head and its 
appendages id h are illustrated, somewhat reduced, in o-A. In 0 
and d we have human heads wearing headplates supiiorting antlers 
similar to thoee aliown on plate 4, b and IVhat appears to be the 
beak of the spoonbill is represented in A, 

Two more of these remarkable engravings are iSlmttrated on plate 
7. The upper one, a, was taken from an altar of the Turner group 
in a fragmentary state. The developed design appears in b and c, and 
thie more prominent features composing the design are shown aome- 
whflt reduced in rf, e, f. The conventionalized head of what may bo 
the bison appears only when tbe design 0 is reversed. 

The specimen illustrated in y w'as found in 1801 in a mound at 
Cincinnati. The developed design, h and t, are from drawings by 


496 ItKPOfiT SMITHSONIAN INSTITUTIONj^ Ifilfl. 


Dr. G- B. Gorduu, md uru deiiivrjbecl hy him in vnlume 2 of the 
l'rBnsiictiDiL!s of the Department of Arcbreology of the University of 
PennsylTania, It is a highly convetitiomli^iH] tint wing of one of the 
carnivora* 

The remarkable designs IIhistrated on plate 8^ ff and are incised 
upon disks cut from the parietal Unics of a iiumaii skull. Tliey ore 
from an nltur of the Turner group. Tlie desigiL^ aro alike, excepting 
that they are reversed. Each consists of three Iiigjdy eonvcntiojml- 
ized bird forma joined togi^her Tbe central bird witli ears and with 
large kgs tcnnirmtlng in ftmr claws probably repres^aits an owU 
Tbe other two ate less easily idejitlfied. 

The spatula-like implement shown in made from the rib of a 
large mj-snamal, is also from the Turner group. The bird iiioked upon 
the handle k one of the most artktio Indian drawings thus far 
known- The lines were originally fiJIetl witli red pigment. 

Tliose shown in c, df, c, / are from the Hopewell grimp* e hi carved 
upon ihe thin iMine of a large birtJ and represents the ocelot; the 
marking upiju the body are true to nature, and although gomewlmt 
con vent ionuliiieJ, they iKfciipy their proper position, 

illfJA OBJECTS 

lliea was highly valued and was obtained in corLdderahle quanti¬ 
ties by the eaiiliw'ork builders, probably from the Appalachian 
reg:ic>n+ The er3'3tals or platen are often of large size, and are fre¬ 
quently found with skeletons or a a sacrihcial deposits in the mounds. 
The thin sheets into which the^o plates are easily divided were soine- 
tiiues; cut into omanients or sytnbolic Figure^ such as are shown on 
plate 9. These were taken rn>in altaiis of the Hopewell and Tamer 
gnnips with many fragments of Hxmikr ohjeets cut from this mineral. 
Tlie edg^ are as smcHitlL atid even aa tlioiigh cnl wutli a sliarp 
implement- Experiments, however, Jihow- that OTiall flaked knives of 
flint will do I he work equally well* The perforet^fd dlsks« rt and 
were cut with some kind of instrument for deocribing aceamLc rir^ 
eleSi* Ffagiiients of large sj’^nihoUe designs of a nature similar to 
those cut from copper are aJiowii in r-'A. The genera 1 method of ky- 
ing out a design is illustrated in f. This was evidently done in free¬ 
hand w'itb a ^arp flint. Figures I and o are in the form of stone 
knives or projectile points. Figure / was lying in contact with an 
obsidian implement of like form and has incised upon its surface thu 
outline of wbat k apparently a barbed spear point. That thoffo peo¬ 
ple were familiar with tlio atlatl or spenr thrower is evident fmu 
the demgti shown in Ji. Au LDteresling delineation of the homed 
serpent is shown in m. It should be noted that the disk from the 
(Sinter of wdiicb tW long horn projects has tw'o short arms which lie 
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n^inst the horn for a port of its distniide. If we eliminate the Tirtig 
horn we have remaining a disJc with two anns and n cental perfora¬ 
tion, a form analogous to those occupying similar positions npoii 
either Me of the serpent bend shown in k, plate 1. The grotesniie 
human head, ia another good illustratioii of the hitnior of these 
Indians. Tlie exedtent representation of Uio upper portion of n bear 
is illustrated in fi. Thia is one of several taken fmm an altar of the 
Turner group- Portions of these effigies were carefully [>aint€<l in 
red, brown, and pink pigment. Several biidlike objects which had 
originally been painted were taken from this altar. Ono of tbese is 
ahon'ii in d. 

•TOBACCO rii'KS. 

The remurkitble collection of tobacco pipes obtained by Sqnier and 
Davis from the altar of one of the tiimnli of “Mound City” is Um 
well know'll to nrehewlogirts to he considered here. Mr. W. G- 
Milts, of the Ohio Andireological and Iliatorical Society, made a 

similnr Bud in ^ 

One of the most fhihonite pipes so far recovered i« iUnstrated on 
plate 10. b. This was taken fmm one of tlie altars of the Hope- 
well group and represents the spoonbill resting on the hack of a fish. 
The cavity for the tobacco is in the body of tlie bird and the perfo¬ 
ration for the passage of smoke extends through the body of the 
Hail, the outer opening being its mouth. Tliis appears to Ixi made 
from a kind of claystone and is colored black by the eoniioed smoke 
of tJic altar fires- A front view of the bird's head and beak is shown 
in jt. The incised linea extending from the nostrils to the tip of the 
beak should lie compared with thiKB represented in t, which is a 
drawing of the head and beak of n roseate spoonbill. A portion of 
the beak of the spoonbill carved in ivory is represented in m; this 
was taken from an altar of the same mound as tlie pipe. 

Ivory was used to a considerable extent by the Ohio earthwork 
biiilde^ The source of at least a part of it was the fossil tusks of 
the mammotli. 

In <r we have one of the simpler forms of pipes of this culture area. 
It is cut from a beantiftil piece of grren serpentine, and a largo 
pearl was probably set in the cavity near one end. The finely 
formed pipe shown in if has the de^gn e reversed upon the bowL 

A very imiisiial pipe from the Liberty group of mounds, Roes 
County- is illuetrnted in f, ff. It is carved from a very compact 
brown stone- The neck and part of the head hare been broken off. 
The opening to the bowl is through the month, and the smoke wus 
drawn through a [jerforation in tlnj neck 

■ |iK W C Mill*. of tie Tlrmper JfniioS la Seloto CtmotJ. Ohio, Uolran 

Ajuin«>HT 7 Volume, re- 1-ff, WMhmit™. 
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This carving probably repre>sents the h«u! of a imake priesi, for 
a portion of die rattle of a serpent appears |uet above the swasltkp 
at the back of the head. This becomes clear upon comparing the 
design irith one of the rattles in the tail of tlie conventionalized 
serpent shown in i, and also with tliat of the serpent monster iJIus- 
irutdl in plate lli h. The swastiha, which in thia instance is ap* 
pnrcntly n wind ^'iiibol, adds to the probability of this interpreta¬ 
tion. The design upon the face doubtless represents facial painting. 
This is aliown dcrelopeii in A. 

HOTJXIW EF-FiarEit. 

riiite 1 1 allows a class of abjticts from the Uimiili, tlie use of which 
is uiiknowh. They are all hollow, and most of tlnuii are pierced by 
one or more holes. TIic walls of some of them are very thin, and 
considerable skill must have lK»eii wqnired in their making. 

An eared owl is representcfl in a. The notched beak, the ears 
which project upward over the eye, and the outline of the ruff ex¬ 
tending Wkward and downward from the eye, are all characteristicti 
of this bird. This is made of a stone resembling serpentine, and 
like most objects of this class is finely esocuteth Two other birds 
carved from antler are shown in d and f. The notched beaks seem 
to indicuto that they were intended to represent hawks. Tlie first 
was found upon an altar, and the second accompanied u burial in the 
great motmd of the HojieweU group. The tadpolelike object (e) is 
made of serpentine: a part of a pearl still remains in the eye. It is 
probable that all of these efligies once had pearls inserted in their 
eye cavities. 

The beetle illustrated in ft ia carved in light-colored cnlcite and 
was taken from the group of mounds at Grand Rapids Iwfore re¬ 
ferred to. What is perhaps the iu ad of a dcH) is shown In f. This 
was obtained by Squicr and Dnvta, and the drawing is from n cast 
in tliG PeedKaiy Mnseniii at Cambridge. 

One of the most interesting effigies of this class U represented in 

h, i. This is carved in reii slate and was taken from an altar of a 
mound of the Turner group. It wa-s broken in many pieces, nearly 
•ill of which were rcwvctetl. This pruh.alily represents a mythical 
water moiLster analogous to those occurring in the mythology of the 
I'awnee ami other tribes. It baa Uie tntl and head of the serpent 
'Hie plates of the ser|H.‘nts head are shown nhnre and IwJow, and tlie 
four hones cha met eristic of the .serpent deity north of ifexico are 
present. Two of the horns arc carved in relief upon the top of the 
head, (lod two are made separately and insertetl into holes drilled in 
each side. Like most effigies of Ibis class, it is hollow, but the walls 
Hre iiot f>erforBted^ 
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STONE RINOS. 

Thu beBiitifiilly formeil stone rings sliown on plote 12 n, rf, and 
in cross section in figure 2, ure Ruiong the most mteresting objects 
rocoverci] from the Ohio mounds* Similar rings were found hy 
Sijuier and Otivia and others, Tlrnse iltiistruted were taken, with 
frugmeiiis of otiicrs, from the altars of the Trojwwel) group. 

These are prolmbly cur plugs. Some of them arc perforated lat¬ 
erally with four or eight holes as shown in the side views, c and d. 
It is not improbable that these perforations were for attaching 
feathers or other ornaments placet! within or hanging from the 
central opening of the ring. Most of theso arc made from the brown 
raienreons mineral called “gold stone” by Sfjuier and Davis, and 
arc beautifully polished. 

> > > 

Fic. If.—Crfl«»-i«ctl«ra» of rill#* pirn# 13+ *i tf# 4. 

Tlie most remarkable thing about them, however^ is their sym¬ 
metry, Their oiilUnes form true circles and their surfaces are pre- 
fectly symmetrical. They could not liave l>e«ti ma<lc w’ithoiit some 
mechanical device based ujion the lathe principle. The only othBr 
evidences of the use of the principle of the I at lie hy this jieopk that I 
havo been able to find is bIiowti by a beautifully fintslted perforated 
disk of fossil ivory from a mound in Indiana and by certain eholl 
beads that are altogether ton ^'mmetrical to have Ixen made by any 
other known jirocess. The fouilh ring shown in the plate. 6, was 
made by the writer from a piece of slate. The only implemeats usofl 
were stones such as may bo picked up on almost any field, and two or 
three rude chipped knives. After npiighly forming and perforating 
the slate disk, a stick about G inches long was fitted lightly in the 
perforation nnd its ends rcaindcd and liardened in the fire. Tlie 
stick was then placed lietwecn adjoining limbs of a tree, its entlii 
being inserted In depressions cut into the Umbs. With the aid of an 
iinpmviFied bow, the stick bearing the ring was revolved back and 
forth, and the ring finisiied by the use of the stone knives held 
against a crofiihar. Sami, water, uJid ashes were used for polishing* 
The aljove <lcvice formed, of course, a rude lathe, hut it was merely 
the Biiaptaliniii of the bow drill which was known to the Kskinio and 
« f i rn« other American trilies in prehistoric times. 

TEXTir.E FABRICS. 

The textile fabrics of this people did nol differ nmterially from 
those of many other trilws of the United States. They appear to ba 
principally of tlie twinwl-woven variety which was so widespread 
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fttdODg people vrho had not adopter! the loom. Many fragmenta of 
this cloth have been preserved by contact with metal objects, or have 
been found charred on the altars, or wHh cremated hnmAa remikin& 
Smne of this clotli ia c^f a remnrkmbly fine texturOp for weaving 
done prlndpallj with the Sngera unaided by mechanical devices. 

Plate ISp ahowa small sections of twined^ivoven cloth at the 
right, at the left enlarged drawings of each which iUiistrnte more 
clearly the relation of the warp and woof cordsL Other examples of 
this weaving are shown in im'. The wavelike arrangemoRl of the 
warp cords in » is very unusual The twined woof cords in all of the 
above apeciinetis are relatively like th<^ shown in the sectional 
sketch in i In / we have an example of the simple in-and-out 
weavej this b probably a piece of the upi>er portion of a bag. This 
type of weaving was sometimes followed in this region in making 
much finer cloth- Wltat appear to bo fragments of netted bags are 
illustrated at the right in d and e* Enlarged drawings appear at 
the left, showing the stitch- Thb tyxie of netting is found among 
the notiliem AthapUnScans, in California, in the Pueblo region, and 
in northern Mexico, but is rare in other sections north of Mexico^ 
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A HALF CEXTUHy OF GEOGHAPHICAL PROGRESS.^ 


Bjt J. Km-ttE, LLD., 

Lfiic Srcrdnrff the Ro^^l Geoffm^yhkmt Soeiei^t Landtm^ 


IWith 2 tUflta*J 

IMieii 1 iviu^ bonored witJi a request from your couucLl to open thLj 
new of ibe KoyU ScoltUh Ueograiiliiml Society, by a Iwttire 

\m gH^gi-ftphica] progress during the last half century^ I am ufrald 
I aceepted tbo iuvitatioa with a light heart. It was only when X he- 
gHti to face the subject that i realked Its magnitude. To do it justice 
would take volumes. In the brief space of a lecture I ciui oidy hope 
to indicate sticcLiictly the lines upon which the main advances have 
been made; to bring before you m impressioiiist picture, markefi it 
may be^ by sotiie of the bewUdering confusion characteristic of that 
cvolution in the domain of art. * • * 

FiRt pf nJb it may be Useful io make it clear to ourselves, what is 
the field covered by the subjeett the progress of which during half n 
century it is our task to trace, I think for our purpose we may 
regard gef»graphy a^ the science which deals with the distribution 
of the ^tiire^ of the earth^s surface and of al! that it sii;stains;, min- 
erah vegetable, and animal^ including man him^lL In fact, man is 
the ultimate factor in the geographical problem* the final object of 
w hich is to investigate the correlalions which exis^ between humanity 
find its geographical environmentv It is erident, then, that before 
the geographer is in a position to apply scientific mcUioda to the 
problem which it k his function to solve he must fir^t have an ade¬ 
quate knowledge of the data which form the terms of the problem. 
Such data can only be obtained by the exploration of the earth’s sur¬ 
face conducted by scientific methods. Therefore in attempting to 
review^ the progres$ of geography during the past half century, our 
first task is to ascertain what have been the main additions to our 
knovvledgo of the earth^e surface by means of exploration. Secondly, 
w'e should endeavor to ascertain what progress has been made in our 
methods of dealing with such results- Has there been any marked 

1 As iddr«» dpIlrrJwS b*fisrfl tbn Rofil StfOttlili GtO^p'bXiMl EwAtfj to Edlaburea 
OD Nqtp le, ptrtulFikm tnm ibi OtotTAphUmt 

J5ec«nh#j+ lOlS". 
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^idvant^ in tb6 appIkutLon vf scientific methods to geo|rr»phical pr^h- 
lentsi Thirdly^ what improve men t has been introdiic?^ into geo- 
fprjphical education T 

In attempting to take stock of the results of the exploration of the 
unknown and little-known regions of the globe during tho last half 
eentiirj- starting for conifcaiictice with the year 1800, T tliink it is 
safe to say that we have to go back to the half centurt'^ which followed 
14D2 (when Columbus biiimhled on a new^ world 1 befott" wc find a 
period so prolific* The two poles liave been reached and large addi- 
lions made to our knowledge of the polar regional. The unknown 
tw’o-thirda, at least, of the Dark Continent have been more or le^ 
provisionally map^aodj and all but an insignificant fraction partitioned 
among the powers of Europe, Great areas of Nortli Anieris^a have 
I teen surveyed and occupied,, while much has been done for the ex- 
jiloration of Central and South Americflu The map of Asia has to a 
large pxteut been rcconstructedt while the vast tinknown interior of 
An.Htrplia has been travelled in all directions. Even much of Euro|>e 
bus rrsurveyed. A new department of science, oceanography, 
has liccn created as the result of the Chaffenffer and other oceanic 
stirvcya. But let us deal with the subject in somewhat more detail^ 
beginning at the north. 

The leading epimrJen tliat have marked the progress of exploration 
since iBtPO must be within the mpmory of many of ymit though prob¬ 
ably few of tbc nudience can go hark to the forties and fifties as I, 
can do. But time will not permit of my dealing in detail with 
the episodes tlmt have marked the progress of discovery'^ only with 
the results 

iVluit, then, hai? Ijctu the rcsuilt of all the half s*entury^s strenuous 
efiorts to unravel the secrets of the lands that fringe the great ke- 
liotiml rrirean around the Xorth Folc, In 1800 the m^h const of 
Greenland had never licen reached, and the east coast boy on d 
north was only known in patcheau Our knowledge of the Arctic 
nnhlpelfigo was greatly defective* lay Iwtwccn SpiUbergen 

and Nova Zembla was entirely unknown; the coast of Slbma wjt!i 
imperfectly nuipped and the seas beyond largely unexplored. No 
sounding?? had been taken in the Arctic Ocean» and the failhest 
north reached was a little over 82*, a latitude reached by Hudson 
some 300 years ago. Now Greenland* largely through Peary-s workt 
has been extended to ever 83* no-rth. and the whole coast has been 
practically charted: the Arctic Archipelago hm been greatly ex¬ 
tended: Franck Josef Ijind has been placed on the mapj a laf^ 
island has been discovered to the north of F^iberia and another on 
the west of llie Arctic Archipelago; great siddiUons have been made 
la our knowledge of *SpUibcrgen and Nova Zembla; depths of 2,000 
fathoms have been sounded in the Arctic CkiesTi; and the North Pole 
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itself fms been io4:ated amid tliiek^ribbed Besides these geo¬ 
graphical discoveries, snbsLantlal contributiotis hnve been made to 
other departments of science which enable iis to nnder^nd better 
the regime of these inhospitable regions in the general economy of 
our earths There still remairta tnneh to be done, especially in the 
wide region to the north of Bering Strait, before our knowledge is 
Complete- 

Turning to the other end of the earth, tliere Is a great gap between 
the work of Itoss, DTJnille^ and Bcllingshau^n. and the 

outburst of enterprise in the ei[pioratian of the Antarctic coutinei!Ltin 
quite recent years. Borchgro’idnk and the Belgians imder Gerlache 
licgan the campaign some 18 years ago. But undonljtedly tho first 
organized attempt on a great scale to scatter oiir ignoiaDoe of a 
cm it incut largo Euro^w* though pmbibly of little uso to human¬ 
ity, was made by the groat expedition under Capt. Scotty whose 
tragic and heroic death with his four comxmnions some years later 
places them high up on the nation^s roll of honor* Amundsen* who 
difioovered a new and easy route, rnsJunl in and renporl the fndts of 
the 10 years' laliors of these mdomitnfak Britisli explorers. Then 
there is Drygalfikis expedition, and we have Bmce, Shackleton, and 
Mawson (from Australia) and Charcot on the Graham Ljind aidr- 
John Murray saw the land froui the OhcJJ^r^cr in the seventies* and 
with his usiifll insight surmised that here ky a great continent. 
Before tha campaign began the only big gap was that made by Itcss 
in the Boss Sea and along the greett ico barrier* with somewhat hypo¬ 
thetical patches ekewher©. Kow, it may be said truly tliat in the 
period with which we are dealing, and oapednlJy in the last 18 yenry, 
enormous additions have been made to our knowledge of the outline, 
and even a large extant of the interior, of the most ropellent land on 
the face of the earth* It may be said that with discoveiy an 

;i basis within the laet 15 years the whole coast line of the Antarctic 
continent has been laid down from King Edward VU Land to 
Kaiser Wilhelm Land* considerably more than a quad rant of the 
circumference* and that from the observations which have been made 
the interior is a lofty ice^covered plateau* bordered in parts by still 
higher mountain ranges* with indications that in past ages a dimate 
favorable to temperate or even sublropieab vegetation rnnst have 
existed. The metoorological work cfirried ont, especially by Mawson's 
expedition, inny turn oat to be of practical service to meteorology in 
genera] and to that of Australia in particular. In the interests of 
sciencse at least* it ia hoped that the entire outline of the .Intarctio 
Continent will be laid down and farther investigations carried out 
sufficient to satisfy our natural curiosity to the past history of this 
great ice-bound land. 
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As a contnist to the frigid rcgiojis w'lth Tfbicli we have been deal- 
iDg* let us turn to the most tropical, and in I8fi0 tho most uneiplored 
of hU the continents, Africa. One of my earliest geogniphical 
recollections is of a miip of Africa somewhere in the forties and early 
fifties on tl;o wall of the school of toy boyhoofl; begrimed and faded, 
with the wont “ iinexplorerl" in large capitals, from the .Sahara to 
tho bordei-s of dm Cape. 1 nni afraid we boys were not sorry for 
the great blank without a single name to phigne our memories. 

As represented on the best maps of ISUO, Africa from about 
tiortli to about 20" south, was mainly a blank, checkered here and 
there with conjwtural and imaginary featuresL Livingstone and 
Burton and Sj>eke had been at work. We see the course of tho 
Zambezi laid down, and vague indications given of LakeTungunyika, 
Victorin Syaiiaa. and Lake Nyasa. Tlio Nile i« timidh" brought 
down in dotted lines toward the Equator. A little bit of the lower 
Congo is stiowii w'lth many dotted lines of conjectural tributaries 
joining it from varions directions, but no itidicHiion given of its real 
course. Oiir positive knowledge was comparatively infmitesimal. 
It ia not too much to say that of the ll,(l00,001> sejuare miles of 
Africa something like e,(KM),000 w-os practically unknown, and of 
the remuinitig o,000/)00 probably not more than 1,000,000 was 
mapped with anything approaching accuracy. The real inspiring 
initiati^'s of tho modem eBploretion of Africa undoubtedly rests with 
David Livingstone, fhe fifties led that over uiemomblc exfie- 

liition across south-ceutnit Africa which placed the great ZHtiibezi 
for the first time tiiroughout its length upon the map. 

But it is imjiosaible to follow in detail the work of the multitude 
of explorers who, since 18t(0. have entirely changed the face of the 
no longer “Dark Continent'* 

The work of the great army of explorers during the half century 
has chsugwl the face of the continent and filled up the enormotis 
blanks that disfigurwi the maps of ISHiO. WiTiile the outline of the 
coast remains as rigid as in the old maps, unindented by any of those 
great oceanic Intrurions which murk the other continents, exploration 
has reveoled a surface much more diversified than the geograpbers 
of two generations ago would have led us to expect? while the 
interior is mamiy of a plateau character, the borderlands nli around 
nre more or less mountainoua, with peaks rising in certain cases to 
heights approaching 20,000 feet. It has four great river systems 
and many subsidiary basins? a profuaon of lakes, abundant forests, 
and park lands, and open areas that may be turned to the uses of 
humanity. Even the greater desert in the world, the Sahara, has 
its mountain ranges and lofty plateaux, sometimes snow clad. Un¬ 
fortunately the abundant water-supply is not well distributed, tliough 
even the Sahara and the Kalahari have underground stores which 
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may yet be utilized iviili good resiiltsy ’\Ve have found that the coii- 
tinent is not nearly so hopeless 113 was believed from the standpoint 
of Entopeuti settlement and enterprise- The white man has leai-oed 
better bow to adapt liimeelf to tropical conditions, while thet« are 
many regions with altitudes that afford a climate in which the Euro¬ 
pean can live in comfort und wholesomeneag. Still, so far as we 
cm see at present, the resources of the continent must be developed 
mainly by native i-aces under the guidance of their whit© brothers. 

As to these white brothers, we must nest consider the areas that 
have fallen to the share of the various European iJowers. The scram¬ 
ble, which niuy Iw said to have begun when Stanley went out for ttie 
King of the Belgians to annex the Congo in 1S70 and was virtually 
coraplctcvl in has culminated in the absorption of the whole of 
the continent, except Ahysainia in the cast and Liberia in the west. 
Britain lius no need to bo dlssatisfictl with her share, which now in- 
rludcs the ivliule of Egypt and the Egyptian SiidM. * * * 

Britain’s sliure amounts to S,ri(Xl,(KK) square miles, with a popula¬ 
tion of ua,000,(MX); France to 4,.'5<i0,00(1 square miles, with u population 
of only 4i>,000,000; and Germany 1,000,000, with a population of 
12,000,000. Tlic rest belongs to Portogiil, Spain. Liberia, ond 
Abyssinia. Of the total trade in 1014 Britain ckimetl £155,000,000 
(of which 90,000,000 were exports), or two-t-hirds, leaving only one- 
third to the other powers. 

Much still remains to 1» done before our knowledge of the geog¬ 
raphy and economic potentialities of Africa can lie regarded »s atle- 
quate. A great network of routes and more or less provisional sur¬ 
veys have been laid down all over the ccaitinent, hut the broad tneshea 
betwetm those lines have yet to be filled in. To acc^pHah this sat¬ 
isfactorily we require the services of specialists trained to scientific 
investigation in the various departments of science on which geog¬ 
raphy, in its broadest and highest aspects, is based, for it is only as 
all tlie Riw material from all over the surface of our globe is brought 
together and systemoticolly arranged that the geograplucal student 
will be in a position to work out the many problems, physical and 
human, with which his science lifts to deal. 

1 fear I must treat America with brevity. In the most popular 
American textbook of geography a few yeaTS fiefore our half century 
it was gravely stated tliat the Alleghenies of North America were 
die continuation of the Andes in South America. Half a century 
ago much of the region w'est of Lake Ontario in the north and of 
the Missiasippi in the south was the home of the Indian, the trapper, 
and the buffalo. Canada confdsted still of Upper and l^wer Canada; 
Victoria on Vancouver Island vcos only a Hudson’s Bay Go,*s po^; 
and so was Fort Garry, now the great city of Winnipeg, Vancouver 
City did not exist. How Conada has ainoe pushed westward you all 
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know, WinnipegH Vancouver^ and Victoria are Oourbdung cUies^ 
tlie ivhole hubltflbk country hns been more or le^ explom! ami 
provisioniilly mappedj paitly by individual explorers but imiinly by 
the Canadian Sun'ey; waving fielcls of wheat Imv© taken the plara- of 
the rank grass of the pmirio j great cattle ranches reach to the foot of 
the Kocky Mouiitai^i^; coaj mines are being worked in the east sTid 
west. The area of settlement and of agriculture has been pushed 
some degrees farther north ajid northwest : the British Atlantic has 
lieen (xninectet] vviLh tli© Bi-itish Pacific by raiiwaya which umk© 
Eritalti iiidepcDdent of all foreign mtites. 

The caterpillar shading which indicated the Rocky Mountains 
frian Alaska to California has given place to complicated nuigesi, 
with ciiajacteristic hutttt^ing feature^ great pkteans with uiany 
ottshootij, and beantiful cooM. rangers. All the vafjtly increased 
knowledge of Canada has led to the development of its resoiirees 
at a constantly increasing rate. The whuJo country has Wii united 
iulo one great Duinlniori;, divided into tuauy Provlnoes^ in place of 
the Upper and Lower Canada of half a century* ago. The popu¬ 
lation has increased from 3.000^000 to over 8,000,OQO, but Canada is 
capable of suslwmiiig ten times that number. Over 110,000,000 acres 
of knd are occupiedT and of tlHs lO,fM)OjOOO acre^ are under wheat 
and an eigual area under oat& The amiual value of the mineral 
products alone amounts to about 30,000,000 sterling, and of manu- 
fjn'tiires to 240,000,000 ateHLng^ wliile the total exports approach 
closely to 100,OOOjOCN3- 1 give these figures as affording some idea 
of the vast progress made by Canada Jn thu Imlf <^tury in expand¬ 
ing tills great country and obtaining a knowledge of its resources. 
But there is ample room for still further exploration and develop¬ 
ment, and more detidlcd and accurate mapping; during tlie next half 
century the progress achieved must be much greater tlian in tlio past 

What Canada has done in tlie noilh tlic United States has dou© 
on a much greater scale in ihe ^uth—^naturally bo^ when one con- 
sidera iho difference in cUninto over the w'hole area. Not to nien- 
tion the work of individual explorers, the survey tiien have pene¬ 
trated into the remotest regions ? have told a ivondering world of 
the catLyotis of the t -olnrado, thnsc 6,000-feet-deep gorges which nro 
matchless specimeiis of nature^s sculpture; of the gorgeous beauties 
of the Yellowstnuc l^iirk; the w itcheries of the Vosemite; tjio great 
deserts which the coast ranges deprive of mtiistnpe; and the Rocky 
Mountains themselves with their picturesiiMO peaks and rich upland 
parks. 

As a result of all this acUvily the whole of the 3,500^000 square 
miles of tlie Republic has been occupied; with the exception of 
remote Alaska, all tho old Territories iiave been org!iniKed into 
States S the population has risen from 30,000,000 to over 100,000^000^ 
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i^Xi;IudiTtg HVla.skrt^, l^SOOjOOO^OOO acres of the total l+MK>*000^500 i^cres 
fiftvfl been appropriated and reserved- Theise figui^ may ad’ord 
some ideu of tlie activity of the United States during Ilia half cen¬ 
tury in exploring its enormous territory and taking stock of its 
resoiirecs* 

As to Soil ill America^ it ^vas in 18K]0 that Bates returned^ after 
11 yeai-s^ sojourn in Ihe AjiiBisou Bastn^ mainly ns a naturalists but 
with abundant fresli iuforimitioii on the geography of that enor¬ 
mous river ba^. Since that time a host of explorers—Britisli, 
French^ German^ Ainericiim, Swedish—have penetrated into the 
cesses of the continent, exploring its ninititude of rivers, dicubing 
and mapping the great Andean RiiugOj iaveatigatiug the interesting 
antiquities of the continent, studying its natives of many tyjies, 
and reporting upon ila resources. The Argentine and Chile, the 
two iiio^ advanced of South American Stat<^ have surveyed and 
mapped^ ut least provdaionally^ thdr extensive territories! while 
botmdary commissions have added much to our knowlcilgo. The 
result is that the map of South America is very dilferent from 
what it was half a centur)^ ago. Still, it mii-^t be said that more 
remains to bo done in tho way of pioneer exploration in South 
America than m any other continent except the Antarcdc, At least 
U000,000 squall miles are practically unexplored, while a large area 
of the reniamJer is Imperfectly known. In the northern basin of 
the Anias'oii very much atiil remains to be done. A vaiit extent of 
the great forest area of Brazil haa tievcr been penetrated, ilaj- 
Fawcett in a recent exploration in the Bolivia-Brtt7.xl border cuiue 
aerciss a forest tribe that tliouglLt iJieniselves the unly people in the 
world except a hairy tribe some miles away. Tn Veiiesiuela, Colom¬ 
bia, Ecuador, and even in Pern and Bolivia great areas ai^e oil but 
unknown; even the interior of the GnianoB has never been ado- 
qijstdy explored; and very muck retuains to bo done before the 
magnificent chain of Iluj ^Vndes can be regarded as ouflieiently 
mapped. South America has been nttj-actlng increased attentii^n 
in recent yeai^ and It is to bo hoped tlmt in the near futm^ serious 
attempts will be mnde to comjdetc our knowledge of a continent 
teendug witli features and races of interest^ and tlie abundant ro- 
soiirc«s of which ai-o capable «f vast ilcvelopment. 

If now wc tiim to Aiiriralia. we shall fuid that as much iicroism, 
cnduraikce, and self-denial liave been displayed in the exploration of 
the interior of that great st>uthpni continent as tlierc has been in the 
rase of Africa. Half a centurj' ago we knew little more than the rini 
of the ocmtinenL Men could only wonder what lay in the unknown 
interior; was it picttircsqiie mouiitain:!^ flowing rivers, great lakes, 
luxuriant forest and pasture landst or w as It only a .sirtitliem Sahara SI 
During the last half century (he Australians have luwde tiui laust 
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sirenUGUB anti praiseworthy efforts to discover the cbaracteristics 
of this great eontineat of which they are the stewards. All the Aus- 
traliaii Stutea have for years had weil-organir^ed survey's at work, 
and Jfew South Wales and Victoria are now fairly well mapped, 
and their features and resources known. 

One of the great episodes in Australian exploration is the terrible 
disaster that befell the Burke and Wills eipedition which, in 1800- 
01, actiiaily crossed the continent from Victoria by the Stony Desert 
and the Alackinlay fiange to the estuary of the Flinders River in the 
Gulf of Carpentaria; the two leaders paid for their zeal with their 
lives, lluch more successful was ^facdouall .Stewart who. in 180*2, 
after two previous attempts, crossed the center of the continent from 
Adelaide to Port Darwin along the route now occupicfl by the trane* 
Australian telegraph line and the transcontinental railway now 
iirider constnictioii. He brought hack good news of fine ranges of 
hills, grassy plains, and fair supplies of water, and altogoilicr gave 
the Australians new hope of their continent. Aliout the same time 
two other e?q>editinns ci-ossed tlie continent from north to south and 
south to north, in search of Burke and W'dls, adding muidi to our 
knowledge of Queemdond. The .Stony Desert of Sturt was fomid 
Quoded with water, and all around its borders were rirh pasture 
grounds. 

The general result of tiie many exploring expeditions in the 
eastern half of Australia lia.^ been to allow that while there are 
great patchen of desert there are e.vtenslvc areas of excellent ctmntpy 
which would be as valuable as the ffnest land in F.urope if only tiie 
rainfall could be depended upon; but away from the const you 
can not expect 10 inches a year; occasionally there may be more, 
but sometimes also much lo^ 

Still, about the western half of the continent nothing was known, 
though in the nortli and northwest various etpeditioiis hud found 
rivers and plateaus and hills, and tlte country In the ininiediate 
neighborhood of Perth and along the west coast was fairly wdl 
surveyed. The first successful attempt to cross from easi to west 
was made in 18711 by Col. Warburton, who, with his sou, some 
natives, a few Afghans, and a troop of camels, started from the 
center of tlie continent and eroesing mainly between and 22° 
south latitude reached the Da Gray River after terrible sufferings 
through want of ford and water. N'othing marked their dreary- 
way but a desert of sand hills and spinifex, with here and there 
a scanty water hole. 

Since then the continent has been crossed and recrosied in all di¬ 
rections by Forest, Giles, and their successors. The dbeovery of 
gold in Wort cm Australis led to further expl a ration of that terri¬ 
tory and an influx of iramigrante adding greatly to the .-icanty popii- 
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latjon <kf half u ceTiliu y it go. All these ejrpcdjtiods^ combined 
tlie LijBcial surveys^ Imve litTordcd n fnir knowledge of the main 
feiittires of llie interior, which ^re much more varied than was ut 
one lime supposed. At the saime time, the numerous rivers shown 
on the map in oentml itnd western Australia lack that permanency 
which iB tiecesssary for successful ugricultural operations; But great 
schemes ure on foot for irrigetion und storage^ and, us is known, 
the inimense uuderground supply of wnter has been tapped, though, 
as it b not unlimited, its use ought to be carefully regulated. The 
population during the past half century has trebled, and the ma¬ 
terial progress during recent years has been so great that the Im- 
periiil Governnieut felt justihod in eomhiniug the various colonies 
into one gieat cominonwealth- ’Diukr this new^ regime there is no 
doubt that a much more detailed exploration of the eonlinent on 
scientific lines will be carried out in future, with l^oneficial refmits 
on its developnientj mineral, agriciiltiiral. pastoral, and manufactur¬ 
ing, In the annual production und commerce of the Commonwealth 
gold has ceased to be liiie most important factor. The agricultural 
production alotu? amounts tu about 50,000,000 sterling, the pastoral 
to close on 00,000,000, while dairying products yield 20,000.000 and 
manufactures 58jOOO,{K)0. Mining products amount to »ume 25,- 
000,000. The total exports are now almost 30,000,000, and of that 
wool alone is valued at over 2fi,000,000. 

This will afford some measure of the exteut to which Australia 
has been explured during die past half century. When we remeni- 
ber what man has been able to aceoinpljHh in older countries by tree- 
planting, irrlgatlan^ end other judicious methods, there is no need 
lo despair of Australia. At the ivorst there is plenty of room for 
the hundred millions which it b estimated—by Austmlians—will be 
the population of Oie continent a century hence. We may be sure 
there is a gi-eat future in store for our southern dominion, with 
British energy to make the best of geographical conditions. 

AUhoiigli Sew Guinea. eBpccialiy the spaciotLs western section 
belonging to Holland, remains one of the few regions which alfordB 
ample scope to the adventurous pioneer explorer, still, much Los 
l>een done in i*ecent years to fomi^ a fuller knowdeilge of its in¬ 
ter Jiir, csiwually since the narrower eastern section w^us annexed 
by Great Britiiln ond Geriuatiy. Hulf a century ago it was prac¬ 
tically H blank. Into the discoveries that have lieen made in that 
magnilicent archi])olago that fringes soutluMmtemi and eastern x\Eia 
I can not enter. Much has been done In the Philippine Islands ami 
in Formosa i)y the United States and fJapan, to which respectively 
rhose islands now belong. Though many udrlitions have bc^n made 
to our knowledge by British and Dutch exi>lorere in the other islandd 
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of tbe greiit Asiatic nrcliipelago, still much rciuiiiiiis to ba uccoai- 
plkJ)e<.lt especially ljy the ifciciLtilio exploter. 

As for New Zealand, iis e^Lpluntiioa during the last half centurr 
has been curried on niuinly by its wuU-oi'gnnized survey, ao ilmt it 
b now to u large eaten I ivell mapped, while the xHuks of its pic- 
turew{ue inouniuin mriges Jmvo been ascended by many ^Upinists, 
with the result that the map of whul is now tlie Dominion of Xew 
Zeultind is very dHTercnt from thnt of hnif u century ago. The de- 
velopiiient of its resources huo kept pace with the pr-ogress of ex- 
ploration, so that the value of its exports have readied the uinount 
of £2B,000,000, muiiily wool, agricultural and dniiy products. The 
population has grown from n few thousand in 1800 to over a million. 

As for the greut continent of Asiu itself, Uio primitive home of the 
hiuiuin race, uecording to some, and therefore the longest known of 
lUi iho oonisneuis. 1 can Lurely touch it. Unlike Australia and the 
Xuw IVorlJ, its great foaturea, its iiuitchlas mountaui systems, its 
nuiguiJtceut riiers, its spacious tahlodumls, its sandy de^ts, have 
long been known in their main features. Dut during tlie lost half 
century very much has been done to till in the details of tiieso fea¬ 
tures and give them precision. W nr and conquest have here been the 
great handmaids of geography. In our oivn great Asiatic depend¬ 
ency—India—wo have acted on the wise prineipln that to govern a 
country well, must know it well. One of the greatest enterprises 
ever uudertaken by any Guremment has been brought to a comple¬ 
tion during tlio half centuiy. Nothing is uioiw crcditahla to us in our 
connectittii with India tlian this great triguiiometrical survey, begun 
about a century ago and completed quite recently. We have meas¬ 
ured every mile of the country j we have plotted oil its mountain sys¬ 
tems, laid down tho coni'scs of its mighty rivers, mapped its d^rta 
and its forests and its great aUiivial plains, w'hieh now form one of 
tho great wheat giwimriesi of the world. Many of tho towering [>eiLks 
of the Himalayas have been meusured in tlioir heiglits, and some of 
tlieui scaled, and those grend glade re, which the great llnmbuldt 
declared cmild not exist, have been explored and mapped; the 
tncLeorology of the peninsula, on wliich so much depends, has lieeit 
und is being worked out on a magnilicant scale, while the Geological 
Survey has done much to unriddle the ovolu^on of India and roveal 
its mineral tnuisun.^ Our wars with AfgtianUtan have enabled 
us to uisp partially at least that troublesome country. Our 
explorers, some of them native Indians, Bomo of them llritons of tlm 
tine old adveniurouji type, liuvo fawd many thingeis, penetrated into 
nearly every corner of eenlrul jiVaiit, and brought back treasures in 
the wttv of knowledge. But all around our Indian borders our 
ntodcst miUtary expeditious have always been accompanied hv snr 
veyors, British and native, who have generally r*itunie«l with a ridi 
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Imrvest of geogruphy. Only quitii rtieondy tlie ago-loiig problem of 
iLe Sjuipo-Braiiniiipulni ima been all but solved by the enterprising 
son of the Eociety’s late secretary, CapL Eric Buiky, whan some 
thoimand or two square miles of the region were surveyed and 
mapped. Burms and the llalay States are Ijcing surveyed^ Siam has 
been maiJUied, while similar sen'iocs are being rendeiiKl by France 
in the territories under her douilnation. Partly through tiie enter¬ 
prise of individual travellers and partly as a result of Sir Francis 
Voungbusband's eipedition, Tibet and Lhasa are no longer the 
mysteries that they were, and tlic great Brahmaputra has I teen 
tnu:ed to its source. Sven Hedin, con finned the exi^nca and 
explored the great range beyond the Ilimalayas conjectured to exist 
bv Trelaunay Saunders as far back ns the seventies. 

But I can not attempt to recoi-J llie work of individual explorers 
The High Pamir!} have been fully mapped. The Kuen Lun, the 
Tian Shan, and these otlicr great ranges that lie Ijetwcen Tibet and 
Turkestan and southern Siberia have been plotted in tlieir nuiin fea¬ 
tures. The Gobi, the Taldfl Maknn, and other desert regions liave 
been explored, as has tlie Tarim basin and the Ebriuking bkes BC4it- 
tered about in the eastward, while many of the marvelous roiimins 
of ancient cities and tow ns have been discovered. The upper courses 
of the great rivere, the Hwang, the Yangtze, and others flowing 
to the soiitli that riae in the region of the northcflAt of Tibet have 
been approximately mappeil. Progress has been made in tlie accurate 
luiipping of China, though mucii still remains to \m done iu this 
interesting land- Japan has been ax well mapped as Itulim Our 
knowledge of Mongolia and Maiicliuria liave been greatly increased; 
this has also been tiie case with Siberia, through the surveys for the 
Trans-Siberian Railway which, has made it po^bk to reach Japan 
and Pekin in about a fortnight from London. Southern Siberia it¬ 
self, it haa been found, may compaie with Canada as a wheut-grow- 
ing country. In centra! and northern Sllieria much still remains 
to be done, especially in connection with the hydrography of its great 
Arctic-liowing rivei^s. To the ever-progressing conquests of Russia 
we owe much of our knowledgie of Central Asia. Half a century ago 
lier borders scarcely extended beyond tho Caspian elvniea. Little by 
little her explorers traveled east and north and south, followed by 
her armies, iiiitil she marches with CJiiim, and is within measurable 
distance of India. The ancient Osns has been traced to its source, 
tliough prohletm; remiiia in cutmection with its old channels and the 
fluctuations of the Anil and Caspian, and the condition.'* of ancient 
clviliKation in these regions. We know a good deal more about. Per¬ 
sia than Tve did half a coxitury ago, though there is tnucli roorii here 
fur the investigDLions of the qualified explorer, esjaseially os to tlie 
present and past ctmditions of the Lut iksert. Just half a reiitiiry 
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ago Palgruve su4:;<;o^tli^il in etching Aj^bia. Various explorers lutvo 
been gt work si nee then in the the n6rth^ and the center. Quite 
recently it was crossed again in the opposite direction from PjlU 
route by Cupt- Shukeapearj who* alas^ a few monljis ago laid 
down hia life in the interessto of the empire* But for tbo pioneer 
Arabia stlU presents a fruitful fieldp espe<nallj in the great aouih- 
eastern deserts which is practiciillY unknowup Pnleotine has 

been adequately surveyed imd aceiinitcly mappeej by the Palestine 
Exploration Fundj and much geographical and archeological work 
done in the rest of Turkey-in-Asia, tliere ia inueh of mtensat still to 
necomplish here b}'' tlie well-trained explorer. "While^ thereforc^ the 
map of Asia bos to ii large extent been reconstructed during the last 
hrtlf-centurys it has, with certain excejitinns^ been mainly the work of 
pioneera* Tliece ia ample ri>om for nf:c!iFate wcirk all over the cimti- 
nentiK especially with the various bistarical and econnmle problems 
dealing u jth the lUstribntion aiui grouping of different pliysiogniphi- 
cnl nml animate tyj)es^ in which Aina ahniimb pTluvpii move than ony 
other continent* 

It b inoi’c than half a centiiiy' ago since Mrs* ileuifms asked the 
question— 

“ VVluit thou Id thj tnensfore cavea and c^n.% 

TUi^u hi>Uow^»Di|iKJ|ba and iDjift«r1oEidi niulnl'" 

Tlie question has been nnswerod to a large extent by tiic deep-sea 
researches of the last ftO years, and on the basis of these reseuix^hes a 
new department of scienee hiia liecn created under the name of ocean¬ 
ography which has now plenty of work to do* Tliere ha^^ been 
niunerciua expe<litions whose main purpose has been to explore the 
ocean fixim its surface to its deepest depths^ but undoubtedly the 
greatest of them has been that which for three yemu sailed all over 
the ocean.^ in Her Majesty-a ship €hii[hmf/er. The ocean has now 
been sciujuled in thoiiSuinlH of places^ specimena of its be<l have been 
brought Up and afialyi^eil ^ lih, deni^en^ have been cuptured njtd brought 
to the light from all depths; its saltness aiiil iU tcmpemtiire have 
lieCfi tested in oil quarters of the gkdie; its surface and utidercurrents 
have to some extent Iwen charted; and in every way it has been Sub- 
jecte^i to the never-satisfied ctjrioE?ily of humanity. 

It woiihl lie hopele^ for me to give you anything like a satisfactory 
suinmtLry of the restilts- 

Ah to ilepths, [ may aiy that tlie avonige depth of the Pacific is 
soJiiething like feet and of the Athintic l^i,OrtO feet. The greiit- 

ext depth yet found in the Pacific is 3h€l 1 feel, otT the Marianna 
Islands, while in tlie Atlantic the deepest trusftworthy Bounding is 
2T,3t3tJ feet, near ihs Virgin Islands. The waters of the ocean seem to 
be in a stale of coiiidant circaliition. cold Tinderciirrents coming down 
from the ijolea and wariit surface currents going sinith and north in 
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return. One of the bfeJl known of tliiiiie great a^ean currents is the 
Gulf Stream, about the regime of which popular ideaa have had to 
bo considerably modified. As to the distribution of life in the ocean, 
researches of the Chtdl^nger and other similar expeditions hiire fJis^ 
closed thousands of now forms in all seas and at all depths of the 
ocean. There docs uot seem to be any part of the open ocean so deep, 
fiti dark, so still, or where the pressure is so great as t*j haw elfwtuully 
raised a harrier to the invaBion of life in some of its man}* forms. 
Even in the greater depths many divisions of the animal kingdom arc 
represented- 

\\'e have had revealed to ua from these hidden depths great, breail 
valleys, spacious pbteaiiE, gently imrtuluting ridges rising here and 
tliere into muuiituins, whose peaks overtop the water in the shup« of 
the. islands that stud tlie bosom of the sea, with iiere and tliere pre- 
eipitoiLS gorges i:ovei'e<l witii the d^ris of the myriuds of auimiils 
that have found a tioiue mid a grave in those waters during untold 
years. 

I need liardly remind you that the many island groups which 
stud the bosom of the spacious Paciriu liuw, like Africa, been parted 
among the powers of Europe, as w'fll as the United States, with the 
result tliiit much has li«n done to add to our knowledge of the islands 
and their vanishing peoples. 

The HCcojn]iuiiyiiig maps will show roughly by different shading 
the progress wliicli 1 have tried to outline in the csploration of the 
glolie during the half century. (Pts. 1 add 2.) 

The raising of the standard of geography during the last 30 years 
the increasingly rigid application of scientific method to geo¬ 
graphical research and to the practical application of its results Jms 
had cotisiderablo ellect oo the organization and equipment of ex¬ 
ploring expeditions, and of the type of men selected to carry out 
exploring work- So long as a great part of the world was very much 
of a blank we welcomed any authentic information that could help 
to Jill it up, even ttiough the explorer was a pioneer without any 
sj>eciHl truining. But now that the main features have been fiUed in 
with varying degrees of accuracy we must inaist that explorers shall 
have a training adequate to the conduct of tlieir work on scientific 
lines. Br. do Eilippi'a recent expedition to the Karakoram inay ba 
taken as a model of what the expeiUtion of the future should be, with 
its ample staff of specialists in every department of science involved 
in the work the exp^tiou had to accomplish, and its complete equip¬ 
ment with the latest instnunents necessary to give the most satis¬ 
factory results. Out this condition has been increasingly recognized 
in recent years. 
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This is the place to refer in a word to the great senrice rendered to 
exploration* and In geography in gcmeral* by photography smee it 
began to be applied to this pntpo^. The old wood engravings, and 
CTen pistes, which were used for illustrations in the prcphotographie 
ditys, while eomotimes wonderfully good from the artistic, and even 
from tile geographical stand pointy could seldom compete in the latter 
respect with the photographs taken by a diacertilng eye. I remember 
well the diOlcnlty in persuading some of the more conservatiTe mem¬ 
bers to permit tho mtrodnetion of lantern slides at the meetings of 
the Eoyal GcogTnphical Society as being too trivial and too childish 
for a sericRis scieiitiGc body. 1 need not remind you of the universal 
use now^ of thiB method for ecicntific lectures of all kinds. 

One other feature which has marked the development of geographic 
ral work during the half century might be pointed out. Fifty years 
ago geographical enterprise was the work of individual explorersi 
sometimes backed by their Governments; but in recent years a re¬ 
in rirkable circumstance in geographical method has been the grow th 
uf international ooojjeration, as diown in the international congresses 
and iniematjonal bodies, such m the International Creodetio Ai^ocia- 
tiop, the International Meteorological Committee, the Internationnl 
(^Touncll for tlic Study f^f the Sca^ wUh special reteremL'c to Eaheries; 
the intematicnal map of 1:1,000^000; and the great bathymetric map 
of the oceans undertaken by the Prince of Monaco with an interna- 
tiotial committee. 

I ha’i o thus endeavored te pns^ent to voUt I fear in a very summary 
fashion, tlie luscilts which have lieon achieved during tlic past half 
century toward the completion of our knowledge of the home of the 
hnnian race, I think you will admit that so far as results are con- 
oomed it will compare favorably with any other half coitury in the 
history of raploration. 1 have had necessarily to confine myself to 
what 1 may call t)ic superRcial results of all this activity. But apaii 
from die fact that vii^ areas of previously unknown lands have been 
brought within hiim^an ken and provisionally mapped, abundant ad¬ 
ditions have Wn made to all the aspects that come within the sphei'a 
of geography, ilany depoi'tmcnts of science have profited by these 
explorations—tho character and di^ribution of physical featurcis of 
minerals and vegetation* of animal life, of climatic and economical 
conditions, of man himself in his various races and varieties. Of 
some of the retmlts of all this knowledge you may have been able to 
form some idea from the figures I have givun as to the growth nf the 
population and the greatly enhanced value of the results of economic 
development. For the more detailed and precise is our knowledge 
of the habitable lauds of the globe the lUorB aro we in w position 
to turn them to the best account for the benefit of humanity. As I 
have pointed out, there is still a certain amount of pioneer work to 
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b6 (ioiic^ espccinUy in South Americnj but the explorer of the futtiro 
must b« very differently equipped fmm the pioneer of the past. 
Something more is wanted now than a daring spirit and a geo¬ 
graphical instinct. TJtliat we now want, even for pioneers, are men 
who have been thoroughly trained and who will be content to devote 
theuiEelves to n Imiited re^on and work it out in all its details of 
leatures, and geological character and meteornlogy. and nnirnals and 
p tnii tg; ever keeping in mind that mun is the center of all, and that 
wp onl.v reach the last stage of the problem when we have worked 
out the action and reaction that is constantly taking place between 
nsan ntid his topograpliical surrmipdings. If in the solution of such 
problems as these there is as inuch activity shown iu the neat S<J 
years as there has been in the past half century in the work of pioneer 
e.vi>loration, there will not only be iiii unprecedentedly rich harvest 
for science, but also, I venture to think, magnificent results lx>iiring 
on the social and individual welfare of man, who can not but Iwncfit 
from a hotter knowledge of his geographical settings. 

In the vast amount of the work of exploration during the half 
century, the British Empire, T think, may claim the lion's share. 

** Wv wbcroTCT rfilp c^oNI * 

Wd foiitiilenl nuioy n mVi^ty 

G<id fiur gtvtitDVfSB niaj' mH tsU 
Thiinugii eriLTeii ftiar ot bolug 

i fear 1 hnw left Ihtlio time ta tietil witll the other si&L'tioiis of 
the subject—the progress tlint has been made in raising the standard 
of geography as a depeirtmciit of scientific research, and the improve* 
ments that have been introduced into geiigraphical education. Until 
about 30 years ago 1 fear geography was not treated stwioiisly in 
either of these aspects. Long before that, iu tlie early seventies, at* 
tejiipts were made by the Royal Geographical Society to induce the 
iinivernties to recognize the subject in their curricnlo; but the society 
was politely flouted. The subject, we were assured, was beneath the 
dignity of univcreily recognition, and was only suited for elementary 
schools At this we need not be surprised when wc examine the geo¬ 
graphical literature of the period. It is true, that in certain of our 
great narratives of exploration—Franklin, Ross, thirwin, Ba^, W aU 
lace, Lii'ingstone, and others—the scientific side of the subject was 
dealt with seriously, but the few works which existed on general geog¬ 
raphy were entirely descriptive j no attempt was made to show the 
relations which existed between the various distributions over the 
earth's surface and the interaction between these and the human be¬ 
ings who had to adapt themselves to the geographical conditions or 
modify them for the benefit of humanity. 

In lfiS4 the Royal Geographical Sodety decided to make n 
thorough inquiry into the position of geography at home end abroad; 
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iititl with Ilia results of this inquiry they nguin approached the 
uni Venn tias^ this time happily with success, fcchools of geography 
were establiahed at O-tford and Cambridgu, anJ in time lectureships 
in the subject were instilutol at the Universities of Edinburgh and 
Gln^Hiv, I^ndon, Liveriwol, Mimchester, Birmingham, heading, 
SheSieldf Aberystwyth- It was jnst befum this that the Sfiinchester 
Geographiciti Society was formed, and a week or two Inter the Royal, 
ScoUish Gcogra’pliical Society, with branches in (ils^w, Dundee, 
and Aberdeen, followed at intervals by eittillnr ssocieties in Liyer- 
pocjl. Xcwcastlc, I-eefls, Soiitluimpton, Tiuis gef*gr»[jhy was rauwd 
to an altogether d Life rent platform in this country fi^iu the lowly 
position she liad previously occupied, slic was placed on n level 
with the subject in Germany, tliotigh that pushfnl country bad 
the start of tis by many years, as slio htts had in other directions, 
and a long leeway has to be covered. But wo have been making 
hiKidway, Apart from tlie purely cducationttl work curried out by 
the universities, a beginning has i>een made in the work of geographi¬ 
cal research. Both at Osford and Cambridge, at the Loudon School 
of Economics, and t believe at Edinburgh and Glasgow work of this 
kind is encouraged. On the university programs we have aich 
heads as ihe principles of geography; survey of the natural regiom; 
of the glolic; laud fnitus and the morphology of tiie continente; 
meteorology-, climatology, and ocennography; human geography in 
its various phuseti: geographical methods of notations, and so on. To 
the university tutor, the schoolmaster, the testlxKsk compiler of 30 
years ago, most of this would have b«n an unknown tongue. Ex^ 
Vmples of what may be regarded as gwgraphical research work have 
been forthcoming from trained men like KliU, MackiTider, Chisholm, 
George Adam Smith, HerbertsioQ, Grant flgihue, Roxby, Mi® Xewbi- 
gin. and others on this side, and by Davis, Iltmtington, Jliss Semple, 
Brighnm, and others in the States, which may be said to have been 
inspired from the mother couutiy. Much good work has been done 
by the various students in the geographical distribulion of ve^tu- 
tinn in this country. As samples of scientific exploring work I might 
refer to Sir John Murray’s investigations of the Scottish lochs; Mill’s 
survey of a region in Sussex; Gunther's researches on the Italian 
const line; Hogarth, Hamsay, and others in the Xcar East; llTlkocks 
in Mesopotamia; Filippl, Stein, Carruthers, and Huntington in cen¬ 
tral Asia; Hamilton Kice in .South America; Scott, Shackleton, 
Bruce, and Mawaon Ln the Antarctic AH lliis is a good beginning, 
and then* is every reason to hope for still further work of this kind 
in the future, if those responsible for geography at our universities 
will do their duty, 

You still find some scientific men in England who deny that geog¬ 
raphy is s science or can ever be a science, because for one thing it 
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ia u g! Hiid ntk ii logy. It iii neimrkiible. if geogmpliy is ilie one 
tiling iij the imiverse thut enn not be dealt vr\th on scientific meiUoiIs^ 
l^rodueing a body of knowledge as systennitiDnlly firrungcd as that 
included under ge<iIog\% meteorology^ iistronomy, or engineering, 
tuul other sections of the Briti^ Association. Fer^nally it does not 
irk mo whetlier gEK^'ufihy is admitted to he a ^ienoe or ncjt* It is 
a department of investigation which deals with a held untouchecl by 
any otlier depitrtiiient—the earth as the home of himnmity. Like 
oilier deparlJiionts of inquiry, it can collect its facts and draw its 
inferences on scientific metiicai^i* witli results whicfi in many cases 
could be cited in tho gc<>gruplilcal output of (ienniiiiy, and liappily, 
as 1 have ^tatoil in u few instances, in our own country—of the first 
imiKirtunre hiwiird the sdiition of problems Intimately associated 
with Jiimian life and activity* To ijiiute from the unniveraary ad¬ 
dress, ill 18^^2s of the ]:iie Sir ftlouuUtnart Onint Duff, predtlcnt of 
the Ihiyal (ieographical Society i 

WIioTh^T It Is taught ITT ihpt taeglit la lelioolrf ami ualx-en^ltlost, p^pininliy 
musi 111 the nature of tlilDpf mte the tenltorr in wjiirli the HClences relptiriFt 
to iPiximtir Mff. tti?m litsterj' ilowu the atruetTirp ef the hiiinbk'Ht Jinlmate 
thlnp^, meet the sciences vvhiL'h hav<^ to slo wHh limrfniiilc iMtiirp, Call It a 
Kninliy or n or n Kiinjile iir what 1i reamliM the iHaly of 

kiiewSetlj^e whleh lum to do with Ifie theater of the activity of hJuii iiud ilH 
thiiiftH (liat have life* Wc roay Bhml riml Injure the <ictlv1ty of the ncit 
pM3+^ii1loii hy n-fusing to ti^aeh M; hut Gvenlnntlj It ainst obtain the i^'isltlrpn 
whli^h I hit greatest of living Byatenmtle iHiOLnl.'d.s HiMikcr, elalahsl fii^r Lt In 
ISSa. ** It peroiente,** lie an Id, ^ the iilioic of eilueutloiL to the lermiutitlon 
Ilf the unlveraUy esret^r, ei’cry siibleet taught laivlng a geoRraplileal ns^Kjet**^ 

‘With fnicli ailihnritfcs as these! on our side we have no iitoI to Ixj 
ashamed of the work oiir ^lenco iias performed in the paKt and h 
capable of performing m the fiitiiro. In tliJs country we ai^e com¬ 
paratively new to Ibe work’ only feeling our way, as it were; only 
trying to find ont esaetly what are the oondilions under which onr 
line of i^esearcli will produce the best results, wdiat arc the UniitH 
wuthin wrbich we must w^orb. It ie true that geography is the mother 
of nil the sciences, arul though licr numerous diililren have long 
ago set up for tht^msolvcs^ still she Uns more or less intimate relntioim 
w ith many of Hiem. All the same, she must not bo too gmaping; 
slie ruiglit to form a dcstr idea of wliat she bfis a right to, what arc the 
limits of her field of operations. To vary the simile, tJio geogruphers 
in this country have been moving into n much more spacious man¬ 
sion? we have hardly had time to put our house in order: wc may 
find when we do so that we have not room for all the furniture that 
of mir friends would like to squeeze into it. Am'ttiing like 
overcrowding is unnecessary’ and would be emb!irm?ising* Ellsw'ortli 
Huntington, one of the most active and most original of our younger 
geogniphers, * * * fiiliest belief in Uio itifluenco of 

m-lO"—lOits—^ 
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^o^rnplilcal condUions OH history nnd other hnmiin artititles; 
but lie maintains that tlie claims made in this resjiect are often tw> 
vnguc to i-finvinre the skeptical liistorlun. What wc itant, he Hiys, is 
a more precise statement ns to the nature and amount, the quantity 
end qiialitv, in each case of this environmental influenoe compared 
with various other eleraenia- Probably we can never reach mntho- 
miitical precision in this respect^ as we might do in other departments 
of oiir subject: but it would be a splendid exercise in geograpbiCTl 
re^enreb and in mental training for the qiinlified student of the 
subject to tackle the problem in certain specific instances, A group 
f.f physical fentiires might be taken—say llie Alps, or the Himalayas 
or the deserts of central A si a, or the Sahara^and the question of 
their control over human distribution and liuiiiun activity worked 
out with na much precision as iJoesthle. Or a pariicular coontrr or 
region miglit be eelectcd, and the control which geographical condi¬ 
tions have exercised on its history and development, as compared 
with other fiu'torG in the problem, be indteah'd. 

As to the progress which has lujen made in gcographicid cducalion 
onlridc the nnivecaitieo during the period, let anyone who is old 
enough recall the textboolm of 30 years ago, with their drt'ary bsl 
of nnme.1 and little moro-names of capes, names of bays, names of 
mountains, names of rivers, names of lakei^ nam« of towns, all 
coiunletelv isolated, oa if they had no sort of rdotmn to each other nor 
to the human beings who had to live and move and have their Iwing 
among them. We. had such tags as FAlinbiirgh, Leith, I’ortohello, 
Sliijfielhiirgh, and Dalkeith, all on the Firth of Forth; lAindon on 
the Thames; Cohhesler on the Colne, famous for its oysters; Peter- 
lajrough on the Nm, near which is Fotheringay Castle, where Mary, 
Oiieen of Scots, was cniclly beheaded, and sueh like items. Xo 
wonder that geography was rejected and despised by the imiveraitieK 
if this kind of thing was all it had to say for itself- Then there were 
the featurelci® atlases and wall maps, the vallie of which was erti 
mated mninlv hy number of names which they contained. Pic¬ 
tures, pholo^phfl, stereos, the Inntcm, were reganled as too childish 
to he used for serious educational or aeientitic purposes, while, as 
for the manv other appliances now available for geographical edii- 
eation, no one wems to have thouglit them possible. Out^jf-door 
work in those days was undreamed of. 

Xecd I remind you of the change m all these directions which has 
taken place during the last 30 years? Contrast the conditiotis then 
and now. It mi^t seem invidious if T referred to any particular 
textbooks or treatises or maps and other appliances. I am sure it 
is tiimecessiiry before an audience like this. The 
!»rica of treatises and textbooks which are being produced, and 
for which therefore, there niusl t* a dcinaiid. are no doubt familiar 
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to you filL So (HI* moy l>e open t«> erkieisin- but ftU* from the ruuj^t 
bti]ky and dnbomte down to the modeet eleuientar^' textbook^ are 
on a totally different plane from those of &0 years ago. 

But textbooks and maps aiu not everything in gengraphlea] leneli- 
itig, nmh happily* in some of the universities and in a cnitisiderable 
number of scM™dfiry auil even elementary bcUikpIs raitdoor work is 
rstried on. 

fTCugraphr. like getdngVj has tn clttil witJi ii (!4merete eairth. and 
not merely with maps. It hns stirface featurcie of all kinds to 
invc^igatc: and the life that is livml amid these features and is 
to a considerable extent conditioned by them. It is the duty of 
geogmphy* as it is of geology, to investigate these <'onditioiis on the 
spot and to work out tho ppobleins suggpslefl by them» This depart¬ 
ment of work is still in its infancy; u mem t'olleciiqn of 

local facts and Klatiivtirs Is not enough; iv)rrolation& ought to l>e inve^- 
tigated and iletlucttons ;iB precise els possible mndo os to the results 
of the interaction of the various factors. 

A new^ epoch in the history of geographical education in England 
may lie s^aid to have Iwgun when the btjord of o^ltieatlon iasue^i its 
re^ilatiims for the teaching of geography in secondary schools. 
Perhaps the most im[X}rtant point in the new regulations was that 
u debnite numlwr of hours a not less than two ]3eriods of 

^hrjHil w'orfc and one of iiome work—were to be allotted to geography 
ill secondary schools Provlaon had to be made for u four-year 
courRe of the work, and the coiirsjc had to include the geography of 
the whole world, B<i timt the ciitjtom of keeping tlie pupil at w'ork 
on one or two particiihir contineots* according to exigencies of exam¬ 
inations. imtil be left school was diecountenafieed. Particular atten¬ 
tion was given in the board^s circular to the iniportancue of practical 
exorviscs, eiirli as ^ worked-out problems, together with original 
niaps and plans,^ in grwgraphical ini?tnJction. Consequence bad 
to to connectetl wdtli cause ami reas^t^os Imd to to stated with focti?* 
tn^ead of presenting liata of place namris. riveru, coninumications* 
and ai nit, as catalogues to to learned without being iindei^oud. 

■VVlica the bonrd'.s i^egiihitlonsi wera issued, letichers who had 
ciulfecd m geography were feWi. tmdthe regulutioiis would have been a 
long timo coining into pmctical effect if suitable manuals had not 
been forthcoming. Tlie board delincd tbo spirit of the teflcliiiig it 
(lesired to e^hUsh* and gave the outlines of a scheme, but it left the 
actual working out to the teacliers themselves* and in moat cases 
they had to obtain their guidance from manuals and test-books* 
Much had already been done by the imiverity extension Icotures to 
tearherSf The teaching of the subject throu^out the country now 
imflevw^cnt a change on account of the new condition. From beiny' 
dasse<T as memoiy work* which con id he put into tjjc hands of futj 
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teacher. fTcnfifrApliy became n reasoning siibject rctiiiirtng indivhlunJ 
Avork by tlie students and sound knowledge by tlie teacher as niunh ns 
tiny other subject ttiught on scientific principle®- Too mneb ntten- 
lion was perhaps paid at tlie outset to the w ortung of practical prob- 
IcniB and exercises, but this bus now righted itself, nnd ^e bninan 
note is not forgotten while the scientific method of arriving at it is 
followed. Wliflt is more importntit than anything else is that the 
standard of work in geography is steadily lidng. The subject is be¬ 
ing treated more and more on a regioiinl basis, and the work is coii- 
reiiuently gaining in intelligence. 

The pivgnim for instruction for dementnry schools btis lieen 
greatly improwl on the best lint's, and where teadiere have 1)«n 
tidef|i^®tely traineti to deal with it intelligently the results are great 
advance on wlint puesi-d for gi-ogiwphy :in years ago. Ihit in the 
ease of the younger pupils, t fear U is difficult to get tliem t« da little 
more than to read narnitivefi. In the iipiwr daii^s of tlieiw schools, 
however, more sj^BUmnUic -work is prescribed in the olfirial pro¬ 
gram. and I believe the whole tendency is towaid an ini|iioveiiient 
iirHin the melUods and outlook of previous years. The inspectors of the 
hoard of e^Uication consider tbiit gcoginpby is now on a much lictter 
fcMititi"^ rlitui it waf, and ia often intelligently hiiiglit. Much depentla 
upon tiio training wliidi stwlents In training cjolle^ receive before 
(hey are tunied out to curry on the work of education. 

In certain institutions facUitles are provided for tniiiiing college 
siitdcnis going tbrough a course of inslniction in geography, with 
opportunities of actual practice in schwils. f am not sure that tiiia 
methwl is (|uUe satisfactory; it would lie well if all training colleges 
Were as fully equipiM?d for geugruphlcal work iis they are in other 
department®. In no dans of acliool can geography be satisfactorily 
taught on modern lines unless tin? teachers are us scricnlBly trained 
in that as IhcV uro in grammar, arithmetic, or any other esascntial 
parts of their eourse. fn cerhiln training colleges the subject Ls in 
charge of geographical spccialistSL This ought to be tlie case in all 
training colleges, ss well as in the universities from which tlie sup¬ 
ply of teadiere for secondary and higher schools ore drawn. But 
if the progress is ns marked in the nest niinrter of a century ns it has 
tiecn in the past, there can bo little doubt that the existing dcficien- 
tries will be removed, and geographical education will be on as satis¬ 
factory a footing in Britain as It is in Germany. 

But time forbids me to go further. I hope T have guococderl in 
showing that during the last 30 years geogrephy lias grown in 
stature and in strcngtii in this country, that, in fact, it has reachetl 
tunn'E estate, and tliat both in education nnd In research it is trying 
to do a man's work. It has still much to learn that can only come by 
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experience, but it is bound to come if we work in tfae future ss in the 
past, and that all tbe more rapidly and siicct^fuily in proportion to 
the increasing number of w'orkers. Tlie Koval Geographical Society 
bas itself exteuded, not only in numbers, but in varied actavities^ dur¬ 
ing these rears. Its staff bos been quadrupled, to keep pace with its 
work; the scientific sido of the subject receives mora and more atten¬ 
tion. The efforts of the parent society are effectually supported by 
those yotmger eocieti^ which hare grown up in various great cen¬ 
ters. It is often stated that the work of geographical societies is 
nearly completed; that they will soon have had ilictr day and cease to 
be, for the world is being rapidly explored and mapped. There is 
plenty of work still to do in exploration and mapping, and when that 
is complete the real work of geography and geographical societies 
will only begin. The explorer and map maker only lay down the 
foundations of the subject; it will remain for generations of geogra¬ 
phers to roar thereon a stately structure fitly repii^nting the klng- 
douis of this w'orld, and tlie glory of them.’’ 







THE RELATION OF PURE SCIEXGE TO lNl>tTSTRE\i 

RESEARC^H.^ 


Bar J. jf. Cattt. 


It b not stranjje Ujat many years ago Tlusley, wiUi hm remark- 
ablii pn^iAjon of thought and bis admirable oommand of langtiago, 
should have indiratocl bisr dissatisfaction with the terms pure 
science and applied science,” pointing out at the esine time tliat 
what people ca^ll applied science” is nothing but the appheation 
of pure science to particular classes of problcma^ The terms are 
still employed, possibly because, after all, tliey may be the best ones 
to use, or perhaps our ide<!ia, to whicli these expre^ssions are supposed 
to conform, have not yet become sufficiently definite to have called 
forth the right words. 

It is not the puqjose of thia address, however^ to suggeat better 
words or espressionE, but rather to direct attention lo certain im* 
portazit i^ektiaiia last ween purely scientific research and industrial 
scientific research which are not yet sufficiently understood. 

Bcctiuse of the stupendous upheaval of the £uix>p«an war with its 
startling agencies of destruction—the product of both science iuiti 
the Uicluatries—and because of the deplorable unprepared ness of our 
own country to defend itself against attack, there has begun a gieat 
awakening of onr people. By bringing to thdr minds the hrilUattt 
achievements of the tncmber&hip of this institule in electric lighting 
and power and communications and by calling their attention to the 
manifold achievements of the menil^ra of our skter societies in 
mechanical ami mining and civil engineering, and tim accomplish- 
tuents of our fellow workers, the industrial chemists, they are being 
aroused to the vita! importaneo of the products of science in the 
national defense. 

Arising out of this agitation comes a growing Jippreciatinn of the 
importance of indui^rial seientifie research, not only as on aid to 
military defense but m an esEientiiil part of every industry jzi tiiue 
of peace. 

iFttsUteDt'a i4i^reM At Ibfr HUrt?-Third AddoaJ Cd^-rn^nTlDii ot Ih* AdctIcah 

KlKtrlck-l ClvTPiiiEtd, OhI«s June :fTt IDlti, Copjii£bl, 1^10# lor .Vmerli^fi 

loiUtotA <Kf Elrctrim EDjlEHHtm BrpribU^I hj ^^rmisEktn^ 
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Industrial rcsesirch, ct>ncliictii>d in aocondance with the principles 
of science, is im in^w tldng iii America, The departfnent vi tuch m 
under mj cliarge. founded nearly 40 years ago to develop, with the 
aid of scientific the telephone artj has grown from sinall la?- 
ginnings with but a few workers to a great institution ctnploving 
hundreds of scientists snd engineersi, and it is generally acknowl¬ 
edged that it is largely owing to the irnlu$tria! re.search thus c^on- 
ducted that the telephone achievements and development in America 
have so greatly exceeded tJum of other countries 

With the development of electric lighting and electric power and 
doctric tract ion, which came after the invention of the tolc[ihone, 
industrial scientific research hibonitories wci^ founded by some of 
the larger electrical tniiniifiicturing concerns, and these have at¬ 
tained a world-wide reputatiun. While vast ^sums arc spent annually 
upon indiiAtrial research in these InbomtorieSj I can say with au¬ 
thority that they retara to the industries each year improvemeuis 
in the art which, taken all together^ have a value many time greater 
thnn the total co^ of their prCKhiction* Money cxpeiideil in lU'Operly 
directed industrial research, conducted on scientific priiieiples,^ Is sure 
toi bring to tlie indiiMri^ a mchst generous ri^tum. 

While miiny concerns in Anicricji now have well-organized Indus¬ 
trial reiseurch hdj{>ratcwics,. pailicnhirly those engaged in mctalliirgv' 
and dependent upnn chemical pivM^esea^ tlie manufacturers of our 
country as u whole have not yet learned of the lienefitsof indiiiitruil 
scientific research and how to avail themselvets of it, 

T consider that it ift the high duty of onr institute and of every 
iiiemher composing it, and that u simitar duty rests upon nil other 
enginecering and scientific bxlies m Anieric^i, to impress ii|>on the 
maiiufiictuiicrs of the United titates the wonderful possihilities of 
economics in their processes and improvements in their products 
which are opened up by the diacoverjes in seience. Tile way to real- 
DM these possibilities ia through the meclinm of mdiistriiil research 
conducted in accordance with si.-:ieiitific principles* Once it is made 
clear to oiir tnuniifactiirt^rs Lliut industrial I'esenrrti pays they will 
be ftiire tu call to their ind men of scientific training to investigate 
their i€<4iniciil |jrcibloms and to improve their processes. Those who 
are Lhe first to avail themselves of the bciiefitH of indiistriat inarch 
will nbbim such a lead over tlieir ^^nipetitoni tliat we may look 
forward to the time when the advantagi^ of iiidiistrin] resenreb will 
be recugni/A?d by all 

Industrial ^scientific reecarth dejoirtiuenfa can reach tlielr hii^hest 
development in those <^Dncel™ doing the hvg^ aimnmt of btisfne^i. 
While instans'cs nre ni4 wanting wdiere the larga growth of the insli- 
tutidu ia the direct result of Oie care which U bestowed npon indus¬ 
trial research at a time when it was but a mall coneem, neverthdeBs 
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conditions to-diiy nre such that without cooperation ninoiig thorn- 
selves tho sjnall concerns enn not hnvc the full benefits of indnsti'Lal 
research^ f(»r no one nniong' tiieni is sulficicntly strong to maintain Iht? 
necessary stuff mid laboratories. Ouca the vital importance! of ihia 
subject is appreciated bj the small nianufaeture;^ many solutions of 
the proldein will promptly appear* One of tlie,sc is fur the maniifnc- 
turcr to take his problem to one of the inihistriai re.searcli laboratories, 
already e^ablislied for the pnr|Xise of serving tliuse who can not 
afford a lalKiratorj'' of their own. Other manufacturers doing tho 
tiiUTtc, the financial encoiiragement received would enable tlie !al)ora- 
fories to eAtetid and improve their facilities so that each of the small 
manufacturei^ who patronbes flu™ would in course of lime have iho 
benefit of an institution similar to those maintained by our largt^ 
Industrial concerns. 

Thus, in accordance w ith the law of supply and demand, the small 
manufacturer may obbiin the benefits of iudimtrial research in the 
higher degree^ mtd tlic burden iipofi each manufacturer W'oiild be only 
in accordance with the nse ho ntmic of itj and the entire cost of the 
labonitories would thus be borne by the Industries m u whole, where 
the charge pro]>erly belongs. Many other projects are noiv being 
considered for the estoblisliiiient of Industrial reseorcli hd>ondorles 
fur t1io£io concerns wliieli can not uirurd laboralories of their and 
jti ^ine of these cases the poesible rektion of these Inborn tones to our 
tcilinical and engineenug schooLa ia being earni'^ly stndicfh 

Until the maniifactur«»]^ thcniswlves are aruii-scd to the necessity of 
action in the matter of mdiistrial re.scarch there h no plan wfiich 
can bo dcvbcii tliat will result in the geiieml establishmeui of research 
labondoricis for the hiduatries. But once their need is felt and their 
Table appreciated iind the deipand for re^arch facilities is put forth 
by the manufactiirers themselves, its^^ureh laboratories will i^pring up 
in all our gixMt centers of industrial activity* Their number and 
character finil sisie anti their methud of o|>eriition and their reiniion 
to the teclinica! and engineering schools and the tnethexi qf their 
working with the different industries are nil mottere which Involve 
many jiitereding prolylc4nfi^prt»hlcmfl which I am sure will lie aoli-vd 
as dicy preaoit tlicuLselve^ and when their nature hua Ihh^u clearly 
apprehended* 

In the present sitate tif the world^s development there is nothing 
which can do more to advance American industries than the adop- 
tion by nur uiamifactiirera generally of induatrinl research conducted 
on sciBirtific principles* 1 nm siirt! that if they cun be made to nppi^ 
ciate the force of tJiLs statement* ouv manufacturers wdll rise to the 
oecusion with all tlmt energy ond enterprise so chanictcristic of 
jVmerica. 
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Si} luuck Umi lilrendj Wii gaid iinil iiiiidi roniaiai^ iu l>o suid 
urging mxpti u$ tka importAuce of seieiitdie oomlucied for 

tht sMke of utility imd for UxcreiiBiug the (*oiiveivitiico Mtid ooiufort of 
mauldjid tlmt tbeti! ki dungi^r of losing ^ighi of unolJjer forni of re- 
seuiTcli wlijob bns for its prlmury object rtoiio of these tbiugs, I refer 
to pure selentitie research. 

In tlie of mmiy there confusion between industrliii scien- 

tilie re^arcU and this purely $cientidc I'eeeiirchi, purticuliirly ns tlie 
iiidufatiini resetircb involves the use of ndvanced scientibci methods 
iintl colbi for the highest degi^M of ^^ientifie uttiiiumimt- The con- 
fusion is worse becaii^ tho some Bcientifie principles and methods of 
investigation are fre^jueritly employed in each case and even the sub¬ 
ject matter under investigation may sometimes be identicjit. 

"Hw misunderstanding arisen from coosidering oiiJy the subject 
mutter of the two cliis^ of resttittdn The ilistinction is to 1 m? fouml 
not in the subject matter of the rcsearclit but in the motive. 

The electrieui engineer^ let us aay, Jinding a new rntd une;Xpliiined 
dilliculty in the w'orkUig of electric lutnps^ subjects the phenomenon 
ub^erved to ti process of iiuiuiry employing scje^iilGc metliods, with u 
view to removing from Lily an objeetlonsble chunicteribtic- 

The pure scientist at the same time invistigiues in pi'cclsely the same 
manner the same phenomcuont but with thy purpose of obtuining an 
cApJEiimtion of a physical occurrence, the naiury of which can not 
1)0 e^cplumed fay knowTi faeb. Aitlmugh these two researches are con- 
ductwl iu exactly tliesame manner, the one neveitheje:^ comes under 
the head of industrial rcseai*ch and the ctijer belongs to the domain 
of pure science- !u die lost analysis the dlsimetion between piii'e 
scientific reticareh and indiistrial scientibc resi^areh is one of motive. 
Industrial rescuich is always conducted with tlio purpose of accom¬ 
plishing sciuie utilitarian end- Pure scientific reseurcb ia conducted 
with a pbilostiphic jnjrpoiio.^ for the diecoverj* of tioitb, and for tlie 
advanceuient of the boiimlarii^ of human knowledge^ 

The investigator in pure Science may be likened to tlie explorer 
who discovers new continents or islands or hiihcrto unknown ter¬ 
ritory, Ho is coniiiiually seeking to extend the boundaries of 
knowledge. 

The investigator in industriial research may be com paired to the 
pioneers who ^ainey the newly discovered territory in the endeavor 
to locate its miueroJ resources, determine tJic extent of Its forests, 
and the location of its arable land, atid who in oilier ways pi'eeede 
the settlers and prepare for their occiipAtlon of the new country. 

The work of the pure scientists is conducted without any iifeili- 
Ufmii motive, for, viA Huxley says, "'that wbieh stirs their pulses b 
the love of knowledge and the joy of discovery of the oausea of 
things sung liy the old poet—the supremo delight of extending tlm 
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neiilin of Iftw imd order ever further towurtl the iiuLittaluuble goidi^ 
of the ijilinitely great jinti iufimtely stnall, betweeu which our Uttle 
ruce of life b ruu,’^ While u. single discovery in pure seiencL* when 
considered with refereoc^ to any particular branch of industry 
limy not appear to Ije of apprerjahle yet when interiireted 

by the mduatriai scietitist. with wiiom 1 class tlie engineer and the 
inJustiiii] cliniiiiist. and when udiipte<i to practical usesj hy ihrnit 
tike colliributioELi^ of pure science m a whok become of incalculable 
value to all tlie Industries 

1 do aoi siiy this because a new incentive ia necessary for the 
pure scientist^ for in him there must be souie of the divine spark 
and for him thei%? is no higher motive than the searv'h for the truth 
itselfp But. surely this motive must be inteuslBcd by the knowledge 
that w'hen the search is rewarded Uiero is ^re to be found, sooner 
or later, in the truth whidi has been di^overed^ the seeds of future 
greut inventions w'hich w^ill increase the comfort ant] convenience 
and alleviate tlie sufferings of maakind. 

By all who study the subject, it will lie found that while the <Ib- 
roveries of the puit seimtbit ai'e of the greacegt importance to the 
higher interests of mankind p their practical benefits, though rertaln, 
are usually ifidiitH^t, iutangible^ or reunite^ Pure ficientifie resean^h 
unlike inilustriai siuentific research taij not support itself by direct 
pecuidary returns from its discoveries. 

The puLctlcal benefits wliicU may l>a iinniediately mul dirrcUy 
iniced to imiustriid ruseiirtTh, when it la proijerly conducted, 
gimi that when their importtinoe is more gencrutl? rccognizinl indiis* 
trial research will not lack tlie intist generous eneourugement and 
support. IndeetL, unless industrial reseuit?h abundantly sappurts 
itself it w^ill have failed of its purpose. 

But who isr to support the researches of the pure scientist, and who 
IK to furnisli him with enciainigement and assistance to pursue his 
self-sacrificing and arduous quest for tlmt truth w^hieh h certuia as 
time goes on to bring in it^ train m many ble^iugs to mankind? 
AYlio m to furnish the laboratories, the funds for apparatus and h>r 
1 raveling and for foreign study ^ 

Because of the extraordinary practical results which hove been 
attaineil hy scientifically trained men working in the industrial 
laboratories and because of the limited and narrow condition!? under 
wliich many scientific investigators liove sooietimes been compelled 
to work in univcjrmtie^ it haa l>een suggested that perhaps the theater 
of relent I fie research might he shifted from the university to the great 
icidustriBl laboratorieg which have already gi‘t>wn up or to the even 
greater onea which the future b bound to bring forth. But we eon 
duuniss this suggestion aa being unworthy. 
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OrganizationR Jind iiistHiitions of many kirnh are engaged m pure 
soicntUk resenrcht nnd they should neceive every eDconnigementt but 
iht niUunil Lome pure science and of pure scientific reseurch is to 
be found in the university, from which it can not pass. It is n higti 
function of tlie iinivemties to make aJvnnces in lienee, to test new 
ficientilic discoveries, and to pluce their stemp of truth upon those 
which Eire found to be pure. In tiiis way only ran they iletunniiie 
what Him]I be tu light ag scientific truth to those who, relying upon 
their authority, come to tlieui for knowknlge mid iMilieve what they 
teach. 

Inste^td of Eibdicating in their favor, aiay not our universities, 
stimulated by the wonderful ftchSevements of these industrial lfilx>rrt' 
tories, find u way to advance the conduct of their own pure sciputific 
rescarcli, the grand refTponsibility for which re^^^ in>on thcml Tliis 
responsibility sliotild now lie felt more heavily than ever by our 
American univet^itie&r not only beentigc the tragedy of the great war 
baffcau^d the destruction of European institutions of learning, but 
l>eratis^ even a worse thing has luipiieiied. So gn^nt liave been the 
fatalities of the war that the universities of the Old World hardly 
to count their dead. 

But what can the Anierican universities do. for they, tike the pure 
dC'ieiitist% are not pngiiged in a liicnitive occupation? Universities 
are not moncy-tnaklug institutions, and what can l>e done without 
iuoue_v? 

There is much that can be done willioiit money. The most im¬ 
portant and most fundamental factor in scientific rei?enrch is the 
mind of a man suittihly endowed by niiture. Uflh^^^ tlie scientific in¬ 
vestigator has the proper genius for his work* no iiinouiit of financial 
assistance, uo appamt^is or laboratories, however complete, and no 
foreign travel and study, however e-vtoni^ive, will enable surb n iiimd 
In discover new“ truths or to inspire othera to do so. iTudgnient an^l 
uppiwiation and insiglit into diarnctpr on the part of the responsible 
universitv auiliorities mont l>e iipplieil to the problem, so that w'ben 
the man with the re€]uired luenta! attributes ikK-s ap|>eur he may !>e 
flppret'inted as e^rly in his career ns possible. Tliis is ii VC17 difficult 
thing to do indeed. Anyone can recognisse such a nian after Iub 
great flchieveiiients have Iwcome known to all the wtjrh], hut I some¬ 
times think tiiat one wlio can fwlert enrly 0 uinn wlm has %vithin him 
the making of the scientific discoverer must have \mu himsielf fired 
with a little of the divine ajjartp Such surety was the case with Sii' 
Humphrey Da^y, himself a great discoverer, who* realising the fun¬ 
damental importance of the man in scientific discovery, once said 
that Micbae! Fanidaj% whose genius be was jirompt to ret^ogniae, 
constituted his greatest discoveiy* 
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I enn furnisli ni> formula for the iilaitUicatloii of goniuvS 

and I have no I'eady-niacle plan to lay before tlm luiiverities for 
the advanceiiiiint of pure ^Untihc r^arch. But ns a rep resen tati%e 
of engineering and indiiistrial rcseorclii, having testifiod to the great 
value of pure scientiJic researthj 1 vontum to suggest that the imi- 
vci:sity authtifilies themselves miglit weil consider the immense debt 
wliicli engineering nnd the itiduMrles and transportation end com- 
miinimtions and commerw owe to pine science, nnd to espies the 
hfipe that the iiiipoi-tance of ptire scientific rcseartU will be more fully 
npplx'ciated both within the university and without; for tiien will 
come—and tlien only—that sayiupatlietic aijpreciatlon and genei-oiis 
finaiiriiil suppi>rt so nittrh ncetled for the advancement i.if pure 
R^ienliiic resenn:h in Amei'iea. 

While there arc many tiling, and nK>st >i]i]K:»rtaiit things, which 
the universities can do io slid pure science without the employment 
of Lirge sums uf umiievj, there are nevertlieless a gmit many things 
rcijuired in the coiidnet of pure sclenlitlc rKwai'di which can Imj done 
only with the aid of money. The first of I thinks is this: 

Wlicii a master scientist dors appear and has maik lilm^5clf bfioivn 
by his discoverics, then he dioidd be provided wiiU all of the re- 
Eouires and fncilities and assistants that he can effectively t'!ii|iloy, 
fio that the range of his genius will in no way lie nstricteil for tliq 
want of anything wliich mimey cjm provide, 

Kvery rctisouablc and even gt^nerons provisifin should lie made for 
all workers in pure science, even Ihotigh their reputaLions have not 
yet become great by thidr diseoverie>, fur it should be remcttihered 
ihiif the road to greai discoveries is long and dlseouraging an<l that 
fnr c>ne gi^ut nciiievemcnt in science we must ex|>ect numberless 
fni lures. 

1 w'ould not restrict tlioso workers In pure ^iriico to ititr great imi- 
vervities, for T believe that they shotdd he located also at our tech- 
riictd schools, even at thoi^ w ith the most practical aims- In such 
schcKds the irifluenre of a discoverer in science would sen^e as r bal¬ 
ance to the practical curriculum and fumiliurize the studcDl wulh the 
high ideals of the pure scientist and with his rigorous methods of 
invt'^igalion, Fntihermore, the time ha^ come when our t*a"hnical 
sehiM>ls iniiiitr supply, in largely increasing numbetr^, men thoroughly 
grounded in the seieiitifie nicthcitl of investigution for die work of 
industrial researcb- 

Even the engliiecriiig student, who has no thoughts of industria] 
ressearch, w'ill profit by his asociation with the work of the pure 
sclent ist, for if he expcHits ever to ti*ead the higher walhs of the en^- 
nee ring profession he must be qualified to investigate new probleins 
in engineering and device methods for their solution and for such 
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tvf^rk ji knowledge of the logical process of the pure scientist and 
hist rigorous methods of anolyzLn^ ood wdgliing evideiice in bis 
iicrupuloiis sedreh for the tnuh will be of tlio greatest valao. 

Furthermore, tlie engineering fittident should be tanght to appreci¬ 
ate the ultimate great practical itiiportance of the results of pure 
seientide investigation and to rcalis?e (Jiot pure science fnmisbes to 
engineering the tnw material^ so to speak, which ho mn^ work into 
oaeful forms. Ho ahonld be taught that after graduation it will l^e 
most helpful to him and even necessary, if he m to be a leader, to 
w ntch with care the work of the pure scientist and to srnitinixc the 
reports of new seieiitidc diiKxivorics to see what they may contain 
that, con be applied to tiecful pnrpo^ies und more particularly to prob¬ 
lems of his own which mjuire solutionp There are many tinsolve<l 
problems in applicfl ?5eience to-day wlucli are inaolnblo in the present 
state of Qur knnw'lcdge, but 1 am sur& that in the riiliirc, as has so 
often happened in die [^ast, these problcmH will find a ready solution 
in the light of pure ^tentilic discoveries yet to be made. Wlien thus 
regarded the work of the pure acientiM should be followed w itli 
intiinse intei-ciit by all of tboao engaged in the application of scietico 
to iiulnslrial purposes^ Acquaintance, therefore, with the pnro 
scientist, with his methixis and results, of great importance to the 
student of applied science, 1 believe that there is need of a lyetter 
understanding of the relations between tlic pure scientist and the 
applied scientist and that this tindctstending would lie greatly 
helped by a closer association between the pure scientist and the 
b>tndenls in the technical sk'IidoIsl 

While 1 have di'a™ a valid distinction between the work of the 
two, they nevertheless have mncli in common* Both arc conremed 
with the truth of things, one to discover new^ tniths and tJ^e otlier to 
apply these triitha to the uses of tnaiu AVhile the object of the engi¬ 
neer is to produce from sclentilie discoveries useful rc^sults, these 
remits are for the benefit of others- They are dediented U* the Ufje 
of mankind and!, ms is the case with the pure scientist, they shouhi 
not he €«nfu£5ed with the pecuumry compensation which the engineer 
himself may receive for ids work, for tliis compensation is slight 
often infiniterimally so, compared with the great henchts received 
by Otisers. Like the worker in pure tirienee, tlie engineer finds in¬ 
spiration jti the desire tw acJiievcment and his real reward is found 
in the knowledge of the bcUEfits which othere receive from his work. 

There are many other things which might be djsciissed concerning 
the renduct of pure scientific research in our univerfikies and tech¬ 
nical schools, but enough lias been and to make, it plain that I 
believe such work should be grtiitly extended in all of oiir American 
univereiiie^ ond technical institutions. But where are the uni¬ 
versities to obtain Che jiions*y necessary for the carrying out of a 
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grartd sclic^zni* n{ ecicntific' reseflirh? It should come from those 
generous nnd piibUe spirited mm nnd tronHsn who desire to dispose 
of their wed til in a manner well edetiljEitcd to advance tlie welfare 
of mankind, and it should come fi'om tlie industries themselves 
which owe snob a heavy debt to science. While it can not be sliown 
that the contribution of any oue tiuinufftcturer or corporation to u 
particular purely ecieittific research will bring any return to tlie 
contributor or to othcrar h is certain that contributions by the 
nmnufactiirers in general and by the iudnstrial corponitions to pure 
siuentidc rejasarch as a whole wdll in the long mn hi'ing manifold 
returns through the medium of industrial rcscarcli condiiclcd in the 
rich and virgin territory discovered by the scientific explorer* 

It was Michael FaradaVj one of the greatest of the workere in 
pure science, who in the last centoly- discovered the principle of the 
dynamo electric machine* Without n knowledge of this principle 
discovered by Famday the whole ort of electrical ongiuet^rlng as 
we know it to-day could not exist and clnliaatlou would have been 
deprived of those Inestimable benefits which have multod from 
the work of tlie members of this instituto 

Xot only Faraday in England^ but ibiseph Henry in our oyrn 
country and smies of other workers in pure science have laid the 
foundations upon which the electrical engineer has reared such a 
magnificent struct 

What is true of the electrical art is also true of all of the other 
arts and applied ficioncesu They are all bassed ufjon fimdnmentol 
iliscoverics made by workers in piu-e science, who were seeking only 
to discover the Ikwb of nature and extend the realm of human 
knowkdge- 

By every means in our powerj therefore* let us show our apprecia¬ 
tion of pure Bciencet and let us forwEird the work of the pure 
srientistvS, for tliey are the advance guard of civilisation* They 
]>omt the way which we must follow, us arouse the people of 
our countT}' to the wonderful possibilities of scientific discovery 
and to tlie rc*i>onsihility to aupiwit it which reists iijwn them, and 
I am sure that they will respond generously and efTejctively. Then 1 
am confidput that in tlie future the members of this institute, 
together with their colleagues in all of the other branches of en¬ 
gineering and applied science as well as the physician and surgeon, 
by utilizing the discoveries of pure lienee yet to tie made, will 
develop witliout number marvelous new agencies for the comfort 
arui convenience of man, and for the alleviation of buraan siiEering. 
These* gentlemen, are ^tuc of the considerations which have led me 
bore in my presidential addre^ to urge upon yon the importance of 
a proper underrtandiiig of Uio relation^ between pure science and 
industrial re^arcb. 
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mXE SAFETY DEVICES DEITSLOPED BY THE TTSITED 
STATES BUREAU OF MINES. 


By Vis, H. Mjisjfiyft, t^iriehfr. 


[With 7 plates,! 

Tho present nrticle outlmss the character and the method of use 
of some of the more importaJit devices developed by the Bureau of 
Mines in its investigations looking to greater safety in mining, and 
discusses the bureau’s work in educating and training miners to prev 
tect themselves from harm and in furthering the use of safer e.X' 
plosives and equipment in mines. Although the Bureau of Mines is 
investigating conditions, methods, and equipment in the quarrying, 
metallurgical, and other mineral industries as well as in mining, this 
article deals purticnlarly with appliances used in coal mining, 

MINE RESCUE AND riRST-ArD WORK OF THR BUREAU OF MINF,K, 

In its mine safety and first-aid work tlie Biu’enu of Mines has four 
main objectives, as follows; 

First, To investigate and report on mine ai.'cidcnts to the cml tliat 
their causes may be more thoroughly understood and the mine oper¬ 
ators advised an to the best means of a voiding them. 

Second, To teach the use of oxygen, muie^msciie apparatus and the 
methods of performing first aid to the injured. 

Third, To send tiuiced rescue crews to the scenes of explosions, 
fires, or other accidents in order to save life and property. 

Fourth, To acquaint mini n g men with safe and unsafe mining prac¬ 
tices through lectures, conferences, motion pictures, and the wide 
but judicious distribution of its pubtications. 

During the fiscal j-ear 1016, 89 accidents were Investignted and a 
thorough report made on each. If a given report indicated that 
electricity had been a contributot^v' cause of the accident the matter 
WHS refetred to the bureau’s electrical engineers for considenition and 
recommendatimis ns to ways of preventing simitar accidents. Simi¬ 
larly problems concerning explosives, mine gases, and the coal dust 
and other hazards are referred to the bureau’s experts. 

It is, of coum, well understood that mining is a hazardous occu¬ 
pation and that injuries more or less severe are of daily occurrence 
in large mines. From tho very nature of the work, practically all 
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men injnred undcrgroiiiid huve to be traixsported n coDsidersble 
tflnce before a doctor ttees them, ami frequently one to two hours may 
elapse between the time of minry and tiac time when the doctor first 
SCT^ the patient. Consequently it is highly desimble that each miner 
should imderstiind proper first-aid methoife. 

Stationed at various nuning centera throughout the ctHintry the 
bureati hm first-aid miners, men with wide Diining and first-aid os- 
periBiice, who have Wn instructed iu standnrdiHod first-aid metlichl^ 
by the biireair^ mine surgeon* These uien etthor work from the 
bureau headquarters in their district or ure attached to tJio bureau‘s 
mine rescue cars or automobile rescue trucks, on which they travel 
from town to town, ^ring without chnrge a complete course in first 
aid. The bureau maintains eiglit such cars and threo automobile 
rescue tnickoi The miner is taught how to give artificial respiration^ 
treat slujck* control heroorriiage, and bandage any part of the body 
for fracture* dislocation, woiind^ or bum^ and is shown the best 
method of transportijig an injured person. 

Mine rescue methods have been taught in conjunction with the 
first-aid training* Bureau employees, designated foreman miners, 
Hccompfluy its rescue cars and trucks and teach the miuera how to use 
ihe principal typos of self-oontained oxygen rescue appamtiJS- 
This apparatus conaiFts of a steel cylinder containing oxygen at ri 
pressure of approximately 2j000 pounds per square inctij with a reduc¬ 
ing valve which allows the flow of a definite quantity of oxygen por 
minute^ at a pressure slightly above atmospheric^ to pass from the 
cylinder to a reservoir from which it la breathed by the wearer. 
The exhaled air flows to a compartment containing regenerat¬ 
ing HI a tori ah usually sodium hydroxide^ by which the carbon 
dioxide of the exhaled sir is removed, The regeuernted air Joins 
the stream of oxygen from the reducing valve, and the cycle is 
repeated. 

The foreman miners of the bureau give instmetion in recovery 
methods, laying especial emplmeis on the upe of none but fisUy 
manned crews and on the need of the crews having such adjuncts ns 
mitoiy lamps* caimry binls (for detecting poisemoua gases), Ufa lines, 
ntid ielephoneai It is gratifying to note tliat but few lives have been 
lost in the past year through heroic but misdiracted and unorgaiikcd 
recovery work* Before the organization of the bureau the loss of 
lives from this cause was high. 

Kxi^eriments looking toward a more thorough understanding of 
rescue apparatus and reauscitators have been carried on at the 
bureau^s Pittsburgh experiment station* Owing to the European 
war, apparatus fonnerly made in Germany and England ore now 
made in this country, an<I it bas been necessary to thonjugbly Inspect 
nnd test this Aiuerican-made mateduL As a result of these tests 
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some Berioiis defects TS^ere poLdted out and these have been remeeUetl 
by the ifinrtEifacUirerg* A new and improved type of apparatiis^ suh- 
sequentij deEGribed, has been developed by the bureau. 

In their training work die bnreaii^s field men observe many in- 
stHaces of safe and unsafe pnicticeT and the knowledge thug gained 
they litili/e through their district in conferences with the niiners and 
the opera tors. When it is felt tliat one or more of Uie butnati's 
puhlications will be helpful to a pniiiciihir miner or operator, the 
piiblieatioris are forwarded. ^\Tien the bureaus field men fijid 
gaseous or ^lutly coxutitiorix^ In mi net and these conditioni; are dan¬ 
gerous or not well tinderstoo<h they take samples of the nir or 
and fonvard these U.^ the bu}*ejLiJs laboratory for analymsi The infor¬ 
mation obtained is then availatile for the operator concerned* 

The operators of mines in which adequate considerstiun is given 
to safety feat lira are being given reduced rates for wtirkiiim-s com- 
pon^tion insiiranoc. The benefits to the minera are even gi-eater in 
that atcideiital deaths and injuries arc being materially reduced. 

csr, OF MOTION FllTCTHlilS IN MINE S-vrEW WOHH* 

Tn its general mine safety work the Bureau of Mines ninkcs cfTcc- 
tivft use of motion pictunes to illu^^r^te (1) safe ami unsafe methorls 
and practices and (2) Bureau of Mines standard methods of mine 
rescue and first aid| 

Most of iJiese films arc taken by bureau photographers? in coopera¬ 
tion w ith variotts mining companies; some are purrhaj4cd* and nthei's 
Jii'C presented to the bureau. They m-e shown to the juiniog public 
by bureau rcpreiiientatives on every po&^ible occasion, largely in con¬ 
nection with mine-rcsiciTc and first-uid training. .V chi-onoloEiesl loan 
record is kept of past, present, and prospective f rut us of films. It b 
estimated that during the past fiscal year films wero ahoAvn to 1 W^OOd 
inining people, not inrlnding the thoiisaniis of visitors to tho fTovem- 
meat safety“fifi-t train^ 

As the^ are for a specific vital erlucatiomil purpose—to in¬ 
struct mine workers, nmuy of whom know little of the Engliirh lan¬ 
guage or the work in which they are engaged—the scenarios are, so 
far as possible, criticized by espert engineers and sui'geons. 

Static nil ry photographs, taken witii the same educational object^ 
arc used to illustrate bureao reports and for lunteni slide$^ That 
they may be intdligihle to non-Engii^h-speakiiig miners, the titles; 
to many of these alides are in four languagesr 

BTien the interest of the miners in rescue, fir^-aid^ and general 
safety work can not othemise be aroused* a lecture by bureau engi¬ 
neers, with motion pictures or lantern dide« of safe practices aa con¬ 
trasted with dangerous practices, enables the lecturer to organize first- 
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ftid and rescue classes, thus starting a safety piupugand* where it 
otherwise would not be receiTed, 

SEW Foasi or oxyocx siinb uesct?* appabatcs. 

After a long ireriod of experiment the Biireflu of Slin^ has devel- 
oped u new form of oxygen breiilhing apparalos for use in poisonaiiF 
Or itrespirable ntmosphero in mines after fires or explnsiniisi It is 
ndled the Gibbs appftratiia. after its chief designer. W, E. rUbbs, 
engineer of mine'Sufety inTestigations, of the bureau. 

Tn snrh apparatus, ns it is impraeticable to eompreasinto a portable 
tank enough air to supply the breathing needs of the wearer for the 
hour or two during which he remains in poisonous atmosphere^ pure 
oxj'gen is used. In general, an oxygen rescue apparstus consists of 
n small tank of compresswl oxygen, a redtjcing vEilce through which 
the oxygen flows to a mouthpiece connccled to the breathing bag 
flexible tubes, and a receptacle containing cniistic smla for absorbing 
the carbon dloiido from t!ie exhaled air. "V alves that open and close 
nt each breath prevent expired air from returning to the lungs before 
it has passetl through thr ptirifier. , , , 

To construct on apparatus of this kind would he relatively simple 
if it were not for the confUttons under ^vhich the apparatufi is worn. 
As rescue crews work iji the unmapped wreckage following miuq 
accidents, in ti presiimably irreapirnhle ntiuosphere ftnd often in 
smoke so dense that thoi r electric lamps are of small help, any failure 
of an oxy^>n resctie appamtuB may mean ihuith to the wearer. 
Moreover, the labor of exploration and rescue is often arduous, and 
the apparatus worn must be as light as is ctmsiatent with strength 
and yel- strong enougli to withstand the hard knocks it is sure to 
receive. Tt must !» niechaiiically so perfect thnt it will not fail to 
function, and j"et be so simple that it can l>e manipidated with 
safety in the dark and in surroundings that exhaust the wearer both 
physically and mentally. 

The Gibbs apparatus, flevplopefl by the Bureau of Mines, oilfers 
from others in tlte following particulars: 

By moons of a new form of reducing valve the oxygen is supplied 
to the user at a variable rate which constantly adjusts itself to his 

immediate demands. . . , 

A now form of carbon dioxide absorber keeps the inspired air pure 
and prevents it from reachiug an uncomfortably high temijevaturc 
during the two-hour standard period of use. 

The pre^re gauge, which indicates the available supply of osj- 
^ti,is read by touch. Thirty minutes before the supply ia exhausted 
it rings an alarm. 
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The apjmrfttiuSi it Eelf-ccmtamed imit, is'carried wholly w the 
back of the wearer, so that his arms are unimpeded by the customary 
front breathiiig bag and its connections. 

j;Vn aliunlnum cover incloses the whole apparatus and protects it 
from injUTy* 

A pump within the mouthpiece i>eniiitfl the removal of saliva sis 
fast as it is formed. 

The weight of tlie Apparatus is ouly 30 pounds^ Its gencrfll 
appearance is shown in plate h 

Tli 0 appoi-atus kts satisfactorily pa^d severe tests. In uee it 
IS expected to prove more satis fa ctor 3 - than any such device hitherto 
iivailable. Consequently, tlie ITnitetl States will be independent of 
foreign makeiii of breathing apparatus for its future siipply, 

DEVELOPMENT OF PERMISSIULK COAL-MINE EXPLOSlVEifl 
CKAKAOTUH INCSEiVSED USE OF rEnmSSIBLE ESFLOfll^-ES, 

The ri^ibf aming in the handling, transport atioui and use of cs- 
plosives have been lessened by the introduction of improved explo¬ 
sives for ronJ mines. In the past black powder was generally used 
in mines that were gaseous or contjiined d.ry coal dust, and many 
great mine disasters reaultod. The Bureau of Mines seeL^ tfi have 
safer explosives used iu dangeroits mines, and to this end is testing 
explosives to detennine their permissibility for such use. Those pasa- 
ing the tests are tenued peftnisaihie expIo^h'eSj and their us© is urged 
in all min^ contaiaiiig gas and large quantities of Liluiulnous coal 
dust, Tu the year IMS otily 2,0()0,0(N) potinds of these permissible 
explosi ves was used iu such mines, whereas in 1015 the amount of 
pennissible explosives had grown to nearly 22,000,000 pounds^ 

On October 1, lOlO, i4B explosives had passed the requiretl tem 
iind had been placed on the Bureau of Clines list of permissibly 
explosivm 

MlSCELLANTOUa TESTS OF PEBMISSIHLE EXFWSlTESt, 

Other t€i3ta to which t^enulfiaibk «xplo^iives are stibjected are ob 
follows; 

Samples of tlie explosives on the peniiisaihle list ore frequently 
collectetl for a chemical exaniinatiou to determine whether they are 
similar in oil respects to the san:iplee originally te^ed by tlie Imreau. 

The products of combustion of explosives submitted for permis- 
mbility aiTi examined for poisonotis gases, and no exploeivo b ad¬ 
mitted to the pertriisdble list which gives more tliau 15S liters (S,5 
cubic feet) of poisonous goBes from 1} pounds of explosive. 

Al] explosives are examined for Uability of tiie IngredieiitB to 
exude from the egntainera. 
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The rtlfltiv’c ^rengtli of U^tonfttors is rk'tejniiinei] by tbt sand 
teiat perfected by the bureau, 

tests OY 0 ET£>?;ATC)HS and ELErmC DETON ATOHa, 

The BtiMflu of Mines not only lesats explosives lo deterinine their 
]i«rmiesibiJUyT but also presscribes the conditions under ^vliicli they 
;ire Ui bo iLRed, One of thet^e conditions is thnt jiottnissibk explosi ves 
skill be fired by a detonatori prefenibly tin eleotrie detonutor, hsiv- 
ing A charge equivsleiit to that of the stinidnrd detonAtor useel nt the 
biireAii*s Pittsburgh esperiniont stfitiou- Tlie grade of electric de¬ 
tonator ie recoiiimended by the nuinnfflcturcr for use 'vrlth a pur- 
tieulur hraml of |>erjni£sible explosive; and shoTild the explosive pais 
the required tetis with the grade recoilunenilcil, the same grade is 
prescrilwd by the btiremij but in no ease can it be of less efficiency 
than a Xo* G electric delonaton A further rtiquiroment ts that the 
charge of th^' detonator or electric detonator shall consist by weight 
of flO parts of mercury fnlniinate and 10 parts of potassium chlorate 
or their i5quivflleiits* 

Tlie iiiiportanrc of these prescribed conditioiis may be realized 
by consiiicriiig the iiieaus whereby permioaible explosives ui^ fired 
in prsetiee. Iktonators or electric detonators are reqiiinKl for firing 
nil pormissihle explosives now on the huneao^s listn Although the 
explofiivca might, in many cases, he partly exploded by tlie aid of 
sqiiih:» or fuse or by means of bbek-powder priiuei'S. yet the ex¬ 
plosion ISO produced would not Iw complete ^ the exploaivi^a would not 
be need to their l)e 5 t advantage, and tlie guiics produml would 
usually t^e dangeiousi Therefore it is safer to fire detonating ex- 
plo^iv^ with detonatoi^ ur electrie detonators ^Uvuig enough to 
iraiisc coinplete detountion. 

The results of experiments made by the hiiiexiu show that the 
average perceutAge uf explosives failing to detonate was increased 
more thiiii 20 ] 7 er cent when the lower grades of electric detonatorij 
were used instead of Xo* G electric detonators anil w as increased more 
than 50 per (tMit whpil these lower grades were used in-Stead of Xo. H 
elei'trie detonators 

DEVEtXiFMENT OF SAFETt MINE KLEFTEIOAL EQUIFajENT, 

For several years past the hnreaii has been working to bring uimut 
the retirement from mines of dangeroiia open-flame lamps and tlie 
substitution of the relatively safe dectrie lamp operated by a battety 
carried on the miners belt. 

The indiridual electric lump, if generally adopted, will be a long 
step toward safety, as it cannot start fir^ or explodonB os open-flame 
lamps may. Moreover, dectric Iwups gir^ more light and diFrtribiite 
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tlie ligtt better than {lame safety tamps, and thus the miner obtains 
the added safety attendant upon good illumination 

TU« bureau's method of proeedure is to esamine and test lumpa 
submitted to U and to issue approval labels to such lamps as meet 
the requirements prescribed by the buiieau as a minimum standard, 
^even types of electric lamps have thus been approved. 

ItTicn tile T>'Ork was first imdertskEti tliere were few portable elec¬ 
tric lamps in use in mines and these were not CJitirely satisfactory. 
At the i>rcsent time there am between T&ilKlO and 1011,000 portable 
electric lamps in use in the mines of this country, and the lamps 
approvetl by the bureau are being adopted at an avenigo rata of about 
2,ODO per week. 

Several veara ago tlie bureau uppuoved the first esploabm-proof 
electric mtior. These motors are designed to prevent any explosion 
0! Hash within the motor casing from igniting gas in the mine oir sur¬ 
rounding the motor. The tt-pe of motor brmiglit out liy the bureau's 
approval was not only permisrible for use in gnseoiis mines, but rep¬ 
resented a standard of construction considerably superior to anything 
previouslv in use. Due other motor has recently received the burean's 
ttppnival. These motors liave met with considerable favor and at 
the present time are l»ing adopted at the mte of about 1,000 a year. 
Tlie barenii has ap]jUcations for the test of 16 other machines, the 
development of which is being carried on by the manufacturers ^ 
rapidly a a the present congested condition of their fatiorjes will 

For the past two years engineers of the bureau iiave been dei elop¬ 
ing a set of suggested safety niles for the installntion and use of 
electrical eniiipment in bituminous coal mines. These mica which are 
now In couRsi of publication, were developed in cooperation with 
outside mining engineers and mine ojienitors. and are the resiilt 
of iimnv conferences and revisions- Ko practical requirement hus 
been omitted that will make safer Hie installation and u* of elec¬ 
tricity in mines, and it is therefore believed that the adoption of tlie 
rules will greativ further the cause of safety, , , 

The approval’svstem of tiie bureau is to be extended to the mo- 
ehanicftl equipment of mines wlien the laboratory faciLtics now Uung 
pmvided lire tompletetl. 

OAwtJS'ir LOCOMarrir^^ tqr Ml^'Es. 

To determine the conditions under ivbidi gasoline locoiiiodves 
might bo used in mines w ithout detriment to the lu-alth of nuiiers an 
investigation wiift mi^do of the cpaxlmiitu attipunt of carbon monoxide 
which mav be produoe<l bv giisoUne engines. This masimiim amount 
determines the dearnble si?.e and the manner of of surii loc.>nji^ 
lives in a mine and the amount of ventilation necetBary. 
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PREV'ZKTION or M4NE EXpLO^flON*8^H 

For tto paat bis years espoHmeotal espJosioa tests have been con¬ 
ducted at ttie experiniental luiuc of tbe Bureau of i^IInes near Briice- 
ton, P^l., in conncjctiqQ wkh the invesftigHiioci of coabmine exp logons 
and tlieir preTention* As a result of tlicse two recomnieuila- 
tions are now bdng strongly made by the Bureau of Mines in con¬ 
nection with tlte prevention of mine esplgi^ons—firetT that under con¬ 
ditions prevailing in the majority of the mines of the United States 
rpcb (Inst l>e used for rendering mine road dust nonin^nmiable and, 
second, that rock-ilust barriers be used at various points in fciie mine 
for limiting any explosion^ tliat may occur* 

VRt or ROCK orrsT to prrv'e^tt tt>AL-:itn:s'r. EXFLosioxit 

Another method of rendering coal dust inert is by watering, but 
unless the water is frequently eipphed it often happens that for con- 
fdderable periods the road dust of mmsi using this method is not in 
Kiitisfftrtorj'' condition, because the water rapidly evaporates and 
leaves the dust dry; coniii^ucutly the rock-dust methoU ia strongly 
udvocatc^b inhiiiTitich as rock dust will give protection for much longer 
periods of time tlian will the application of water. 

In iho nm of the rcM^k-diist ntetliod the coal dust is removed from 
the iiuno roads as completely as possible and all tlie surfaces through¬ 
out the mine arc then coated with dry pul verified rock dust- A^ the 
road dust will be gradually coaled with an accumulation of coal 
dust it is desirable W'hcn the percentage of combustible dust reaches 
a certain figure that more rock dnst bo dlsiributedx Thife Is usually 
done by a so-called ^ rock-dusting machine^^ 

In the eTcnt of an explcnaion the pressure wav*? that travels ahead 
of the explosion raises the road duet in n cloud and if this cloud is 
largely composed of iiicombustible materiFtl it tends to blanket the 
flame of the explomon and limit its traveL The rock-dust melhml has 
l>een trieti in one mine in Colorado for a period of about five years 
and in three mines in Penne^'lvania for periotls of one to two yeara. 
It is believed that tlie method will be extetisividj? used in the fatiire, 

HOCK-WCl^r EAKRITlld. 

A rock-diist Imrrier consUta of a Dumber of boies or shelves filled 
with rock dust, which in the event of un wplosioji is automatically 
dumped, resnltiDg in the formation of u thick cloud of rock dust 
and the blanketing of the ftanie. The plan of nsing the barriers is 
to place them at the entrances of panels or sections of the mine, so 
tliat if an esplosion occurs in u panel or section so protected, it can 
not travel beyond, or if tiie explosion occurs in another port of tiie 
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mine it cuo, not travel into a protected panel or ^ctioa. Tbo wse of 
the barriers diould be supplemenUiry to iwIe dusting or to the water- 
ing mctUotl of readering the coal dust inert. If the tvatering or 
rock-dusting metiiod fails and an explosion is propagated beyond its 
origin, then the barriers should be effective in limiting tlie explosion 
to the particular section of the mine in ivhlcli it originates. 

The original barrier, invented by d. Taffanel, of Fi’anca, con¬ 
sisted of 10 to 15 shelves placed across the entry just beneath the 
roof, spaced about 10 feet apart, and ioadeil with rock dust. This 
baiTlcr had two disadvantages: (1) If the explosion was light lOid 
ilow moving it might pass under the barrier without discliarging 
enougli dost to queiidi the flame; and (2) tlie dust wasflsp«sed to the 
mine aimospbere, and under some conditions would lawome wot and 
packed, so that it was no longer in condition to be efficient in case of 
an explosion. Accordingly, a number of different types of riKk-dust 
barriers were invented by George S. Rice, chief mining engineer of 
the Bureau of Mines, which did not have these disadvantages. All 
of t heee barriers are operated by the explosjon itself througli a 
leverage system Bcnativo to low pressures? tlie dust compartments 
ai'o totally inclosed bo tliat tbo dust is not exposed lo the air current. 

The bureau has tested and found satisfactory four different types 
of rock-dust barriers, namely, tiie trough barrier, tbc concentrated 
Ixinier, the door barrier, and the rock-dust stopping, 1 he trough bar¬ 
rier and tbo concentrated barrier can be placed at any point in a mine 
entry higb enough to permit their erection. Each type has a swing¬ 
ing board vane 100 fcet beyond tire barrier in each dircodon, these 
vanes Iwing connected by a wire to the operating mechanism. When 
the explosion sw itigs the vane it causes the barrier to dump the dust 
into the air curreat- Each type retains a curtain amount of dust 
near tlie roof so that in case there is an interval of some seconds 
betwi-en tlie operation of the barrier and the passage of the llanie, 
there will still be dust in the barrier to be dislodged by the pr(?.B 3 ure 
nccompani'iug tbo fiatnc and to (lucnch the flame, 

Plate 2, figure 1, shows a trough barrier in place in a mine entry, 
'riie wires connecting the barrier troughs with the vane can bo seen 
on either side of the entry near the roof. When the ban-ier operates, 
the bottuiu boards drop as shown in piste 3, and a thick diower of 
dust falls into the entry. 

Plato 4, figure 1, shows a cloud of dust caused by the discharge 
of the du^ from one of the trougiis. 

Plate 4, figure 2. shows the same cloud from a different point of 
riew. 

Plate 2, figure 3, shows a concentrated barrier after a light, 
slow •moving explosion. Before on explosion the shelves of this 
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barrier are all held in position neor the roof. When the espioaon 
operates the barrier, however, the shelves fall to the positions shown, 
and tnitcb of the dust is discharged into the entt^. 

The door barrier eoiisists of rock-dust compartments on both sides 
mu] above ti mine dcuir, tlie barrier being held in place hy the frame 
of the doori If an explo^on blows the frame out of position the 
entire harrier collapses and n large amount of dust is discharged 
into the air. 

The rock'dust stopping consists of two vertical rows of shelves, 
one on each side of a stopping or walL loaded with rock dust. In 
the event of on expto^on the overt liming of these sets of sheh'es, 
or the force of the cxplosiou tlirougii the shelves causes the format 
tion of a dense dust cloud that cools the dome. 

aCKlK-ntrsT DLOWSR. 

Plate 5, figure 1, shows a rather crude type of rock-dust blower, 
with a chomlier into which the dust can be fed from a hopper. 

Plate ft, figure 2, shows tJic dust being dischargctl through u hose. 
This blower is used to blow n thick cloud of dust into the air current, 
by which it is carried for cotiridei'able distances, w'hen it settles tlowii 
as a mantle over wliatcvcr coal dust there may be in tbe mine road **r 
entry, and renders the coal dust much Ic^ likely to assist the projm- 
gation of au explosion. The machine is particularly useful in carry¬ 
ing the dust into entries that arc accessible only with difficulty, 

I1IPBOVE& MIXE-GAS DETECTOR. 

Alttiough the electric safety lamp, os cumpsi'ed with fiame safety 
lamps, is much saior Ui gaseous mines, not alone because it will not 
under any conditions ignite the gas present, but because it gives 
ti hotter ilhimination tiian the lluTiie safety lamps, it does not take the 
place of the flame safety lamp in one of tiie Latter^s most important 
functions, namely, that of testing for the piesence of dnngeroits 
gases. 

There has long l»een a demand for some sort of an indicator or 
detector ivith which the presence of inflnmniable gus could lie deter¬ 
mined more accurately than with a safety lamp. Such an indicator, 
culled the Burrell gas detector, has been de^ieloped bv one of the 
chemists of the bureau. For determining the presence of infianmiable 
gases it has an advantugo over a dame safety lump because its li8<‘ 
eliminates any error duo to defects of vision, and anvono can 
easily determine the exact amount of ps present. Thus the detector 
not only makes unnecessary the use of the flame safety lamp but 
eiiiibles the proportion of gas present to be determined to witlun O.l 
I>er c'cnt. The flame safely lamp enables the miner to estimate onlv 
roughly the amount of gas present. 
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Mon^rer^ tlie use of tbe d€tector ja not limited to mines or to 
d^t-ectiog Bre damp^ but it can be used for provmg the presence of 
nnj combustible gas, attch ns gasoline vapory hjdrogeti^ natural gas, 
or coal gas. 

Essentially^ the detector roiidsts of a U-tnbe, one branch of which 
is incloscfl in a motnl case, us shown in the accompanying photogropli 
(pL n)« To make the device ready for use the top n is utiaercwed 
und water ia poured in until it the two branches and rises to the 
^sero point I on the scale. 

To make a dcterminatiou of eombiustible gas, say methane, in mine 
airj the valve r hi opone^U and by blowing gently into the i^eservoic 
the operator depresses the water eoliinin along the scale and forcea it 
Lip to the top on the other side^ A slight click when the water strikes 
the valve c tells the opemtor that it has risen to the inquired height. 
Then the operator pinches the rubber tube rf and takes the instrvi- 
jnent to the plati; where the sample be conected. Wlien the 
pressure on the rubJ>er tube d is J'eleaised, the water iminediately comes 
back to its {>riginiiJ position, and on falling sucks through the valve c 
u t^imple of the air to l>e testadK 

This sample le^ts in tlie combustion chamber & m eontact witli a 
platinum spiral. The valve is closed and the spiral is electrically 
heated by use of the binding j^osts f. Any combustible gas in the 
sample inimciliately begins to burn and at the end of a minute and a 
half is completely consumed. The electric ciiri*ent is then turned off 
iiud the insti'uiiieot is shukeiu thus forcing the water into the com¬ 
bustion space e and cooling the gases. Immcdiatclj the water column 
uu the oiJen-tnbe side falls to some point ou the graduated »eale as 
the eitaci point depending on the percentage of methane pres^L 
The scale reading opposite the w ater level show's the jiercentage. 

The platinum wire cau he heated by means of the storage Iwittery 
of a miners electric cap lamlJj the battery being carried on a man'a 
belt, and the current being switched from the lump to the detector, as 
the tests are made. 

'I'he device is 10 to 20 times as accurate os the safety lampt w-cighs 
less, and hsa fewer and more durable paiis. 

bOKTABLE A^PAttATUS FOB fL^PID DETEKM13^ATI0N OF INCOMBUi?. 

TIHLE MATTEH IX BO AT* AXJI BtB DUSTS FROM COAL MINES. 

Tn applying rock dust In mines it is necessary to determine quickly 
and on the 5(>ot the approximate [lerccntago of nnncombiistiblo 
matter in the load and rib dust in order to determine how much ad¬ 
ditional limestone or shale dust is mjuired to prevent the propaga¬ 
tion of dust explosions. 

For this purpose the Taffanel volumeter has l>P!en modified and 
combi lied with a convenient pint able field cqiiijiuicut. I'he complete 
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outfit is shnwn in pl^te 7. It Treighs appruiximat^ly *20 poiiuds, 
Tl^e carrying ca;se k made of l-iiieb poplar^ nt tins corners 

and brass bonnda and is provid<sd with a cOTer and a handle. The 
outside dimension^ arc 7 by 13 by 14 inches high| which is Inrge 
enough to furnish ample room for all the required apparatuB. cans 
of alcohoh eslra supply containers, etc* Tlie outfit consists of the 
voloineter the pipette &, tlie balance c, the fumiel d, the alcohol 
can Cf the sampling scoop f, ttie ^upling cloth etc. 

A deteruilnation of the percentage of combustible roattcr in a given 
sample of dust is made follows: 

Twent3*-five cubic ecu time ters of alcolio! is measured Into the 
I'Olumeter flask with the pipette; BO grams of the dust to be tested 
is then poured in* The graduated tube is inserted in the fln^k* auid 
the dust and alcohol are thoroughly mi^Eed by sU^sking, after which 
B5 cc. more of alcohol m added fixun the pipette through the stem 
of the volumeter^ all adhering piirticles of Just being carefully 
washed down. 

After one minute the scale reading of the meniscus k taken, and 
by reference to tables the percentage of nonoombustible is obbained. 

The placing of this apparatus at the disposal of the eniplojee^^ of 
the bureau will enable them to detenuine whether the dust hazard 
in any mbie In their district is Fiich as to w arrant treatment to prevent 
a dust esplosioru 

It is further expected liiat when thia appuratua becomes available 
for general use it may result in calling the attentian of mine oper* 
a tors to dangerous du^ conditions that might otherwise eventually 
cause dkastrous esplodona. 
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[VS'Jth a plHtm.] 

PROBLEMS PRESENTED. 

In all countries where interior waienrnva are used for narigation 
to any marked extent, there arise many cotnple.x probtems, of which 
the most important arei First, the phyaiciil, based on the character- 
isties of the river, such as its di-scharge, slope, the permanency of its 
bed and bonks, and the feasibility of treatment so as to make it 
H^lita^^lo for navigation: second, the economic, based on the charac¬ 
ter and expense of the work necessary for such a purpose, together 
with the retimi on the in vestment that can bo obtained. 

These two classes of problems appeal in a more or le^s forcible 
way to different interastsi the fim more properly to the river engi¬ 
neer, IInd Uie second to those responsible for supplying fnnds—in 
the case of Govtrmnent work, to Congress. Within compamtively 
recent years, the work of building cliannels has been more and more 
carefully studied in order to combine the itest practicable solutions 
of all these probioms, tso that now no plan for n proposed river work 
ia complete until the subject has been practically exhausted, on both 
the phydeal and economic fades, hy the engineers proposing the plan. 

PTAGEf! OP INLAND-WATERWAY nEVELOPMENT. 

Interior navigntion in all countries has pasaed through several 
well-dedncd stages. The ffrst stage antedates the use of steam as a 
propelling power, commencing with the time when the only means 
of transportatjon was by tiniinals or animal-drawn vchkles, cither 
wagons and carriages, canal boats, or pack animals. This limited 
source of power restricted transportation lines to highways and 
canals. It was not until the use of steam was successfully applied to 
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the sliallow-draft rjver steaniboiit ilmi tlw dei^eloppiojat of interior- 
rlvi;r chanaels really begun. This occurrc^l early in tlie nineteenth 
eentury. and afforded an cnormoiis stimulus to the construction of 
new and larger canals ajid the improvement of natural river channels. 

The ^.^ond period in the history nf interior navigafion l^egan with 
the development of the steam railwayst -whieh expanded at ii i?ur- 
prising rate immediately after they wore found practicable^ par¬ 
ticularly in those parts of the Ignited States where ordinary roads 
and other means of commimlcation were still largely undeveloped! 
and unreliable. The^ie railways soon onterefi into a vigoroOM rom- 
petition with the rivei^ canals^ and highways^ and before long took 
over a I urge part of their commerce. 

The tliird perlofi in Uie History of interi ur waterways IwgEin <lur- 
ing the latter part of the nineteenth century, when the inxtustrinl 
development of the aren$ adjacent to streams and the inci-ease in 
populatinn had proi^Tded more than sufGcient commerce for the ex¬ 
isting railways, and had left a large volume of freight which eoulil 
be moi-e cheaply bandied by water thon by rail. In the United 
States during the first period above mentioned, the well-known 
canals^ mah as the Erie. Morris, CHie^peako and Ohiot and Delawnn? 
Cana la were binlt, and with the advent of t!ie steaml>m\t n feverii^h 
eagerness to develop the river charmcis lym felt throughout the 
hirgo part of the United States extending from the Atlantic coast 
over the interior of the country as far west as tlie Mi!»i.s$ippi Rivor. 
In the fiticeeeding years this movement Increased nutil but few 
streani.s of ony importance were v^dthoiit s^nie improvement nf their 
facilities. Xotwulhatanding the enonnmi^ increase in railway mile¬ 
age of this countiy^ this impulse in river devdopment has also gone 
on increasing, but in nmnv coses without much relation to llie 
amount of commerce carried. It is only recently^ that this river work 
has begun to feel the checking effect of the rail way competition ^ 
which has little by little taken from some of our streams the bulk 
of their csonuneroe. Improvements in rail facilities and reduction 
of cost of ton-ruHoago have of lato given the railroads an enormous 
advantage. 

F'or this rcaiwiu ihe third stage in ibis country bj which the river 
jni^inies former value can not he said to have licgun e.Toept in 
certain IrK-alilies w hoits population is much congeisted, such as on tidal 
rivers like those in the vicinity of Philnddphiu, Providence, or Kew' 
York perhaps in a few other eimilar regions accessible from 

the ocean for companttively deep-draft chips. 

tUSTHIBCTlON OF TFATERWATa. 

In describing the present status and recent tendencies in river engi- 
ncering in this coimtiy, and in giving n general dew of prograas in 
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this important bmrich of th^ Xation^s actiTitics^ only the more con- 
spicMoiis can be referred to in n paper of this kind and 

only a brief general analysis given. 

The work of deepening and regulating river channels in the 
llnitfifl Stfitea has been much more estcn&ivo than is generaDy sup¬ 
posed, The amount spent on rivers, up to 1013^ e^clu^ve of harbors 
and cunais, has ajnnunted to $402,702,000, and there h at present 
river work under constnictlon amounting to $187,064,0{K). New work 
iwomiricnded by the engineerti but not yot adoptee! by CongresK 
iumounts to $130,315,000. 

The interior natural waterways of the United States may be divided 
into four general divisions^ corresponding to the main geographical 
divisions of the countiy^ Foremost of these is the lake system along 
our northern border. ITie other divisions are the portions separated 
by the two mam mountain ranges—the Appalachians on the enfst' 
and the Rocki' Alountains on the west. These divide the United 
States into three main portions^ the Atlantic Slope, the Pacific Slope, 
and the Great Mi^i^ippi River Basin. 

Witli the exception of the Hudson iind the Delaware, there are but 
few^ large rivers qu the Atlantic alope, and these are largely tidal. 
On tlie Pacific dope, the Sacramento and the San doaquin, Rivers 
form fl system of navigation reaching both north and ^uth in the 
State of California; and the Columbia River, farther north, offers 
H transportation Hue into the w onderfully rich and fertile Northwerf. 

It is in the central portion of the country, however, that the great- 
e^^t opportunities for channel constnaction exist, for the gr^at Mis¬ 
sissippi Valley is traversed by one of the longest i^reams in the 
world, width, with its tributaries, offei^ many thou^uds of miles 
of navigable waterways. 

The distribution of streams in this country and their total navi¬ 
gable Icngtlts are sliown in the follow^ing table: 
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These navigable lengths mnat be considered as appro xim ate^ as 
definite lengths of nawigable streams are seldom exactly determinable. 
Nearly all these streams are of comparatively shallow depths, and 
are. in the njaitiT available for light-draft boats only. “ Forty 
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have R totnl of about 2,000 miles of I0*fool navngntiou, and 
TO streuJiis give nbout 3^00 additional nulcs of navigntion of from 
0 to 10 feet during the greater part of the year, maldng a total of 
about 5,800 miles of 6-foot and over river namgation. The greater 
number of these streams flow into the Atlantic, but few of these have 
more than 100 miles of stieb navigation. The longest connected river 
system is the Mississippi and its principal tributaries, with about 
g,50O miles of 6-foot na^dgation.” (P. SO, “Transportation by 
Water,*’ Report of Commission of Corpomtions, 1009, Part T.) 

METHODS USED. 

With the exception of the protection of the porta on the Great 
Lakes and the deepening of their approaches and connecting links, 
the main work on these waterways has been in the nature of channel 
'development in the interior streams. It should be borne in mind that 
in this work greater difficulties of an engineering nature have Iwen 
eacountered than is iieuul in the streams of the older European coun¬ 
tries, on account of the greater magnitude of the work here and the 
variety of the engineering problems presented, but it will be noticed 
that !iif«t of the ssiccessful works here have their prototypes in somo 
of the continental riverii, where longer espcrience than is availahla 
here has eliminated in any of the weaknesses, and enabled the later 
works to embrace the best of the Old World pmctica. It has thus re¬ 
sulted that there is Sinrcely a river or Iiorbor project anywiiere in 
the world in successful opemtion, the methods of which have not 
been improved upon and nseil aoinewhere in this I'oiintry. Within 
recent vears many new and original methods have also been adopted. 
Foremost- among these new means is the invention of the suction 
dredge, the grapple, drag, and talf-closing dredge buckets, which 
have rerliiccd m markedly the cost of fJmunel excavation of recent 
years; the invention of new inethmla of shore protection for rivers 
with unstable banks: the extensive use of reinforced concrete iu lock 
and dam imnstniction; tlic adoption of movable damsi and the 
enormous improvenwnts in unloading machinery at terminals for ore 
and bulky freight. 

The facilities for navigation presented by the natural waterways 
of the United States place it in the first rank of the nations of the 
world in this respect, and within the last decade much new work has 
been done toward making these fucilities more easily available for 
use. 

lake system of ISTGRIOR WATEIiXYAYS, 

It is on our rortbera border, where the chain of Great Lakes pre¬ 
sents the most important system of interior natural waterways of 
this fcumtry, that the most conspicuous example of national benefit 
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IS to be founii. These inland seas are of enormans oominercial ad* 
vantage^ and nowhure in thi^ eoimtry can ’^vc point to an instance 
^here the water routes have increased in usefulness to a greater ex¬ 
tent than here. The depth of these lakea. the extent, and strategic 
location with regiird to a special class of traffic make them superior 
in point of tonnage to any other system of interior waterways any¬ 
where. The iron ore deposits at the western end of Lake Superior 
are the most jnijxjrtant m the world; and the coal depoidts in west* 
era Peiinsyiviinia are of a magnitude and quality that make them 
a worthy complement to the ore Brlda, and well able to make tire 
United States what it has become in the last SO years—one of the 
foremost producers of iron ju the world- Over one half of the tmliic 
of this lake system is iron ore shipped from about fotir ports on the 
western ^diore of Lake Superior to about a half dozen ports on the 
£n>uthorn or southwestern shore of Lake Erie. The Lakes in thoiri* 
selves present escellent channels for navigation, but obstructions at 
the falls in St, ilar>^s River, lying between Lake Superior and Labe 
Ilurou, were a complete bar to the navigfttion of tbeso kkeSj up 
to 1855* At this time the portage railrrjad prev|ou£]y built around 
St. llarys Falls, in order to make possible shipments of ore by water 
over the remainder of the distance, waa stiiierevded by the first lock 
canal aronnd St. Marys Rapidi^ This canal was of comparatively 
small dimensions, but demonstrated the pcissibility of this method 
of handliug freight It was built by the State of Michigan, and 
admitted vessels drawing up to 11^5 feet and co^ about $1,000,000. 
This money was niieed by selling r50,000 acres of public laud donated 
by the United States (jovemment for this purpose. In 1870 the 
United States uudertook t^o widen the canal and increase the capacity 
of the locks, tlio entire existiiig work having been turned over to the 
TTnited States by the State of Michigao and freed from tblla some 
years before. This new Icwk, known as the Weitzel Lock, was opened 
to traffic in 1&&1 at a cost of about two and two-thirds millions of 
dollara* Comnieree lesponded at once to the^ new faciiiticy, and in 
les® it thiid lock was commenced. This waa built cm the site of one 
of the old State locks and was opened to navigation in 1896. It cost 
nbout four and three-quarter millions of dollars and is known as the 
Toe Lock. It b BOO feet long by 100 feet wide, and admits vcs&cb 
drawing up to 17.7 feet. This lock was soon inadequate, as the com- 
niercc developeel more rapidly than the Government provided facili¬ 
ties. and in 1907 a project for an additional lock with its own sepa¬ 
rate canni was adopted at an eitimated cost of $6,300,009. It will 
liave a length of 1,800 feet in the chamher. SO feet width, and have a 
depth of 34.5 feet on the ailb. (See pi. 1, fig. 1.) This Jock is no^v 
under construction, nearly all of lock masonry being now JiniBhed. 
In 1&13 a project for a fourth United States lock was adopted to have 
fiu 1916—SMS 
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tlie diffiensions as ttwa thitd lock| and ^’ns estiruated to cost 

$3^75.000p It T^ill connect with the caniil of the third lock. Work on 
this fourth lock is alaj under way, th& exciivation for tho lock pit 
being about one-third done. 

The increased depth provided at the St. iMarys Canal by the 
ucw locks made U possible to use deeper-draft vessela This con¬ 
tinued until obstmetions in the river cliunnels in Lake Huron and 
Detroit Hivers began to be felt. In 1002 a project was adopted to 
provide for removing shoals in tha entrance to the Hay Lake Chan¬ 
nel, n part of Lake Huran, and for securing a new outlet channel 
from Hay Lake by way of the old line through the W(^ Neobiah 
Channel. This project is now completed, nffording a double cbannel 
from the Soolfc Locks to Lake Huron, having a dear depth of 31 
feet. The eipcnse of all this work has been @S,400,000. It is 
worthy of note that the mcreiise of depth and width in the old Wert 
Neebi^ Channel was obtained by diverting the water from this 
channel by cofferdams and then excavating the roek of the old river 
bed “in the dry,” This was the more economical method (pL 1, fig. 
a). Tlie work'took about B years for completion and involved the 
removal of l,6SlSilS8 cubic yards of rock, at a cost of $1.36 per cubic 
yard, and 5,461,130 cubic yards of earth, at a cost of $0.13} per 
cubic yard, and 8,324,275 cubic yards of earth, at per cubic 

Yard- These amounts are exclusive of “ overdepths,” for which half 
these prices were paid. 

In the Dctrmt River, also, tlie re were obstructions at Limekiln 
(Trossing, which originally limited the draft of vessels to about 121 
feet. Aa this river is ou the route from the Lake Sujjerior mines to 
the ore ports on Lake Lrio, tlie deepening of this obstruction was 
needed as soon as the locks at St. Marys River admitted deeper- 
draft vessels than could pass these obstructions. In 1874, a project 
WHS adopted to provide for a channel from Xtetroit to Lake Erie 
having a width of 300 feet and a depth of 20 feat. This project was 
modified in l&BS to provide for a width of 440 feeU In 1302 a 
greater depth was provided for, viz, 21 feet, and a greater width, 600 
feel; and in 1010 a still erreater depth of 22 feet w'as provided for. 
This channel, known as the Amhei^urg Channel, is now complete, 
and cost $4,630,000, In 1007 a Becond channel was provided for, 
known as the Livingston Channel, and was opened to navigation in 
October, 1013, at a total cost of $6,734,000. This provides a separate 
channel for up-and-down traffic in the Detroit River. 

It will thus be seen that within u decade two now locks of great 
enpacity are being added to the others already conEiructed, making 
fotir in all; and the channels at the upper and lower cuds of L,ake 
Huron have been deepened and double lines for traffic provided, so 
tliat up traffic may use a different fine from that going down. 
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TJie64? unprovctiients hove had a mark^^d inAticnce on freight and 
freight rotFs* Tn the tonnage through the St. ifai7s locks 

toti^s valued at $53*413*41:2, In li*l± the traffic ’^vas 72^475^- 
675 valued nt $71*1,357,837. avemge of the five years 

1881-1885 was 2^fi0,31O tons* and for the five years ISOS-lPi^ was 
.'>7,alS^p7fi3 tons, nti increase of nearly twenty-four fold* The avemge 
distaruT thftt this eommerce was carried was over 800 mile& The 
in>p^avetll^^nt in tlie ehannels since 1800 bos enabled vessels to be in- 
eresu^d in aixe from 8+000 tons to 13.000 tons, and the cfjst of trans- 
porta ti on has been reduced from 1.18 mills per ton mile, id 1900, to 
0.6? mill pnr ton mile^ in 1912. It was estimBtenl that the trufiic 
ptis^Dg the SL Marys River locks in 1012 amntmted to iipward of 
fflxty billions (60,000,000,000) of ton miles, and it was asserted that 
the saving in freight of 0.51 mill per ton-mile wa^ diiTectly attribu¬ 
table to the channel improvements It is worthy of note that the 
eastbonnd traffic greatly exceeds that botind westward, and that it 
h nrninly bulk freight and mainly tlirotigh traffic* Over one-half 
of it iron ore and one-fourth coal, the remumder being made np 
of (lour, grain, lumber^ and misceUaneoiis freight. 

MISSISSIPPI UIVKH STSTEil. 

After the Great Iwakea, the next most important system of interior 
Tmtuml waterways b the Misaissippi River system. Thi& river with 
its tributaries atfonls a navigsbk milengo of 13,912 miles and drains 
an area of about 1,.TOO,000 sqi^aie miles. In their oi-iginal condition 
the rivers of this system w^eir i4reiims of ^lallow depth, obstructed 
at intervals by shoals and anags, and at certain seasons have always 
been subject to floods of greater or Im magnitude. As n means of 
commnnication they were extensively used from the time that steam 
propulsion w^as first applied to ttie shallow-draft river steamboat. 
BefcijTS the construction of milways they wtsi’e Ihc sole means of 
reaching many localities, but as rail construction increased their 
commerce has been largely taken over by the rail lines in many cases. 
The most marked movement of the country’s coinmerce is from the 
we*^t to the en.Ht and reverse. North and south bu^ncss is much less 
in irolume. It thus happens that the Mls^s^ippi Kivor and many of 
Its? tributaries do not lie along the direction of the greatest volume 
of traflic. 

The curly use of the reams depended on a suoe^sful application 
of steam power to a lightHjmft boat. The flat-bottomed sSiallow' hull 
wa? tliii-s 0 necessity. In order to g«4 directive control in the swift 
curnmts, cnortumis rudders were rwcessaiy, and so the well-known 
g^ing^ of three or four rudders set side by side were Anally adopted; 
ejtcli ^ery long, to act positively, and placed ao that the preponder- 
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auce «f the leogth aft of the rudder post was sUght, in order to 
reduce the power nccesiiaiy to wove them. The propelltiig power 
had to be applied in stidi a way as to give <iuick strong action in 
flood currents and enable the ruddere to act while backing. Tliis 
required a powerful stem wheel. Tho ty|« of boat evolved under 
these conditions has not ehanged much in recent years and its 
efficiency has not been increased equally with rail power. The Gov* 
erntueut, however, has endeavored to esaiuine into this question und an 
appropriation of $500,000 was made in 1010 to make experiinenta with 
a view to reducing the expense of rivei’ towing on tho Mississippi und 
its tributaries. Several exiieriniental bouts have been tried and are 
now being tested. Such favorable results have been met with in th® 
twin screw “tunneP’ type of steamboat that tw o are now being built 
for the lower Mississippi. Twin screws working in longitudinal 
tubes, or ** tunnels,*' under and within the hull are the propelling 
power. 

The Mississippi Kiver is separuUKl into three distinct parts—that 
alwve the mouth of the Ohio Bivqr, that between the Ohio and AUs- 
sfuiri Hivers, and that below the mouth of the Missouri. In these 
paits tlie differences in the character of the river and in tho luetliods 
of channel construction are conspicuous. From St. Paul to St. Ijimis, 
655 miles, the river was originally obstructed in many places by rock 
rapids and sand shoals. The first plan for its deepening was adopted 
in len* and provided for a channel depth of foci over tlie whole 
distance. This was to be oUainetl by open river regulation. Here 
is to 1» found Uie most perfect instance of this class of river work 
in this country and is excelled in effectivenes nowhere. For nmny 
years the projected depth has been maintained throughout. Tlie 
Wk has cost a little over $12,000,000. In 190T it was proposed to 
increase the channiil depth to 6 feet throughout the length »f this 
part of the river, at an estimated cost of ^0,000,000, with a v iew to 
its completion within 12 years. This project was adopted and work 
h»H been under way since then. The work is now- about nnc-fouttll 

*^^The availiihle water power of the river attracted capital a few years 
ago. and the large market near at hand for electric power and the 
umoniit of water power going to waste induced enginecra to proiMoso 
a eommerciol enterprise whirh would save this waste and assist. 
Lnciclcnially, in the navigation of the river, ^Vccorditigly, nt Keokuk, 
Iowa, a power dam has recently been built by private funds, whidi 
raises the vrater surface 40 feet- This has covered the former Gov¬ 
ernment canal around the rapids at Des Moines. It hos backed the 
river Up about 60 milefi. affording U-foot navigation for this distance- 
It is provi<!ed with locks for passing vesads. This work is a fine 
example of au industry that is increasing rapidly in importance in 
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Example dw a Cavinq Bank oh the Mississippi Biver which it is IMECESfiAqv to CcMHiOL« 
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this country, and although primarily for producing electric power, 
it has, mcidcnUUjV helped the na^ngation of the rirer materially. 

The commerce on this part of the Mississippi has not kept pace 
with the industrial development of the region tlirough which it 
passes. The main reason for this is said to be that the commerce 
consisted principally of forest products, and as these diminish in 
supply there is nothing tlmt fully takes their place. The commerce 
of this part of the river in 191i2 was as follows: 
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This tonmiga is 12 per cent le^ than that of the year before, r^nd 
its vnlno i^ 31 per cent Although the freight rates by water are 
only about two-thirds of those by rail, the disadvantages of inade* 
<fuate terminals, the difficulty of transfer of freight, and risk are 
together apparently greater than the advantage of the lower rates 
afforded by the river. There has been a decrease in coiiuneree on 
this portion of the river since shout lBf>0, as ie shown by the following 
table: 

rohuvi^rc O'/ lA#! upprT Rir*’r (AaniitfJ <7Aw/ 0/ * 

ISOO_ 4310,000 lOBa ^apTire3tlakftte>i nialnly lajcmnU 

lSSiS___ 2,ffrE.0W tntw. 

igCNO__ 2,000310 loan ^approilniiite), 

1900__ 4S34.I339 tOTA 

_tons. 

1912__ 1,8303^ toM. 

A comparison of the shipmentfi by rail snd river at St. T-Aiiia boa 
been made by St. Louis Merchants" Exchange, and by five-year 
pcritxls is as follows (p. 505/Trenaportation by water,"" Coiimiission 
of Corporations^ II): 
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From the foregoing it wiQ be seen at ii glan-ee that the river com¬ 
merce at this point is not cncotinigiEg for the future of river impmve- 
menfe The sigm? all jioinl to the fact that the facilities offered for 
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traffic by the river chunnels are now far m advance of the nse made 
of them. 

In the section between the Missouri airer and the Ohio, a length 
of 200 miles, the character of the river changes very notlc^bly, t^nd 
we encounter a new class of problems presented by cn^'ing banks 
and shifting eboals (pL 2). These ahnals are largely made of sand 
and gravel brought donn by the Missouri in flood, itnd largely hy 
the caving banks carried into the channel by scour. In this seetiuii 
die pn»H;tit project contemplates the inaintenance of an 3-foot chan¬ 
nel 200 feet wide througliout it$ entire length. This depth has been 
kept for many years^ but only wiib cobstunt work- In isr2 the first 
effoii: was irinde to deepen tlie alioiilS;^ which had then only 3| to 4 
feet of water on tiiem. using solid da ms and dikes of stone and brush 
to concentrate the low w'liter flow into a single chaiioeL Tlieso were 
only parti ally sncccssfiil, and in ISSI the unifomi depth of S feet 
was adopted for the entire section^ and the use of permeable dibw 
and hurdles was actively begun. These were found successsful in 
holding and consolidating the moving.sedimcnt of the rivef. and thi:^ 
providing new bauki where needed* In 1907 the project was radi' 
colly changed as to methods, and since then dredging has been largely 
relied on for mamtenance of the channel. Four hydraulic ditjdges 
of large capacity are now used in this work. Bank prertoetion, 
pormcoble dika% and hurdles are still extensively nsed, however, 
to produce permanent results. The last estimate of cost» mtide in 
1903, was $^1^000,000, in addition to the eaipenditu^ of about two 
and a half milltons spent up to that time* In all about fourtfisn and 
onedittlf millions of dollars ha ve now been spent, leev mg over seven¬ 
teen millions to complete the pbm^ which is now about one-third 
dotio- The nee of tl^ie river for commerce has fallen off to a fraction 
of its former figures, notwithstanding these largo inxpenditui-es. This 
wdl be shown by the following table of traffic at five.yeJLr intervals: 

frajjf^ b-jr i o/ of EvffUK^Mlm 

ittici---470, oaa 

---]9L,B1B 

lor:- -aos, Taa 

In the lower portion of tLc river, from the Ohio U> OrleniB 
Harlior near the Head of the Passes into the Gulf of Mexico, a. length 
of nearly a thousand miles has been under the charge of the ML=£is- 
sippi River CknmnisEaon since 1870. Daring all this timo many ex- 
perinients lisTo been tried, and much has been learned with regard 
to this groat river. Among the most noteworthy of these lessons is 
the Lmportiince of protecting the banka from caving and the greater 
Klintico that can bo placed oa the operation of the hydn^idii; dredge. 


1S8(I. 

ifias. 

iBtlil. 


Todi- 

833.1300 

mo. 230 








H^porti, TVJ 6.—H«rtV, 


Plate H, 



1, Mat Woven of Poles amo Bnu34^ rcm Sank Protection on The Mississippi 
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2, A Fleet of Coal Safioes PASSif*a Lock No. 2^ Ohio River. The Hovasle 
0am fs up and is shqwm On The Left, 
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1. A View niOM Bcusw of the Ohi& Locks, 
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In this seetion, the project for ii minunum churuicl depth of 9 fffit 
ivith a SSO-foot width has been njiiintaitied for manj years with 
much success. The means employed have been the narrowing of the 
high-water width of levees and the mnifiteuanee of the width nt and 
near low-water stages by banlt protection and by supplemcjiting these 
methods by dredging on l>acs as they to-form. A few years ago 
much rtUimce waa placed on dredging as a sole me r ns of improve¬ 
ment, and nine largB-cnpacity suction dredges were built and are 
sdll being used; but the tempomrj* natui'C of the work and the high 
cost of maintenance of chaimels by this method led to the more de¬ 
tailed study of hank protection. Between Cairo and Xcw Orleans 
there are ^id to be over 7SQ miles of Hiving banka, ooiresponding 
fairly well to the length of one side of the river, and it is now helieved 
that the greater part of the sediment of the new shoals is from this 
source. If the banks could he held from cnimbling the river would 
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5001 ^ ^our for itself n ctiftDin£l ftHipl'J for DavjgmtioD.^ further- 
more, the protection from floods by levees would then bo conadcrably 
simplified. A more serious effort is being made of lute years to cat 
down this siipplv of sand by an annual estension of the bank protec¬ 
tion (pL 3, fig. i), and by 1913 a total of 68.71 miles hod been com¬ 
pleted. This work at Albermarlo Bend Rlone is estimated to dumnisib 
tho amount of material brought into the river annually by 11,000,000 
cubic yards. The commerce on this river has dwindled to ^ch a 
small part of its former volume that protection against floods is now 
the most serious problem of the engineers. Esporience has tdiown 
that this is host accouiplished by levees, and since 1800 sbont half 
of the appropriations for the lower Mississippi have been devoted to 
that purpose. A new grade for leveo height has recently been 
adopted (1914) for all United States work; but many levees have 
been built by State and local autborities, so but few are up to the 
commissi on's level. When breaks occur it is almost invariably in 
one of these low Icwe^ and is usually caused by overtopping. 










556 ANXUAJ. EF^^BT S>CI'niS&NIA^r TNSiTmrnOKT Mtf. 

The monty appropriated for thb section of the ri^cr since 1811^ 
and expended under the Mississippi River Commission amounts to 
over $77j000*000. Owing to the method of keeping stathitics, it is 
difficult to determine the total ooninieroe, as the river is divided into 
districts^ m each of ’^vbich the commerce is recotded separately* The 
sum olthe^ would contain many duplications. Mempbi:^ to Vicks¬ 
burg is a representative eectioiii however, and would serve to show 
the tendency of commerce* 
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Tlie insignificant use now being mnde of this magnificent stream 
when compared with its capacity for transmission of freight is thus 
apparent* On this river soon after the Civil War there were to be 
found tha most elaborate river sicamboals ever seen in tliis country^ 
Pa^ngers, package freight^ grarn^ and cotton were hauled in great 
qinmtitTj and with much profit. In the ensuLng years railroads were 
completed along both hjinka of the riverj pruetkally the entire dis¬ 
tance to the Gulf, and first passengerg, dien package rreight, then 
cotton^ and finally grain have almost disappeared from the river, 
Now the main items of coimnerco are logs, sand, and coaL If this 
fine river could only have flowed from the neighborhood of Kansas 
City to some point on the Atlantic const we might have a different 
condition to describe now, for the geneial direction of the greatest 
traffic movement is east and 

At the mouth of the MUslseppi there is a very excellent example 
of the BiKHSssful deepening of river mouths in tidcless seas* The 
necessity for this project was felt very early, and in 1854 a plan for 
an open river mouth was proposed by a board of three Army engi¬ 
neers, of whom Barnard and Ikauregard were members. 

This plan contemplated uediig parallel jetties of riprap rock on mat- 
tress foundations^ so spaced as to coutrel and use for deepening the 
confined river currents. Tlie mouth of tiie Rhone and its unfavor¬ 
able experience with similar works were in part responsible for the 
delay in taking up this plan; but in 1875 Capt. B. Kads was given 
a contract to fumbb a 2fi-fwt channel with a 36-foot central deptli 
through the South Pass, at a cost of ^,060,000. This s^im WHS to 
cover maintenance for 20 years, or until IDOl* It is now proposed to 
opeo a new channel through the Southwest Pass, 35 feet deep and 
1,600 feet wide, at an estimated cost of $6,000,060, This is Ute present 
project, adopted in 1002- Already the jetties of this new project 
have been completed by contract, at a cost of $2,627,006, being begun 
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in IMS and cvnipkkd in IMS. The work of dredging the elijiimol 
ha& been about four-fifths completed. Of 1€^CXX)^0Q(I cubic yards of 
dredged amterial which had to bo removed in lMr>^ less than three 
imd one-liiilf miiUon yards now reniuin. The originul deptli of S feet 
has now been inci'eased to 31 feet. 

THE OHIO mxm SYSTEM. 

The Ohio Siver is the most important tributary of the Mississippii, 
and^ indeed^ it is the most important river of the country 01 $ a com- 
mprce cairrier. In point of tonnage Pittaburgii has the largest 
commerce of any inland Hver port^ Tlijs river, like nil those of the 
Mississippi Baain^ was originally shdUaw\ crooked^ obstructed hy 
sand bare, and haa always been subject to wide variation of dis^ 
charge. Work was done on this strcamt originally^ ns early ns 182T. 
SnaggingT loek removal^ and bar draping were &r^t tried, and later 
tbe chamielB were deepened by placing wmg dams at im[mrtant 
places to aJfurd a 6-foot channel depth, Kotwlthistandiiig consider- 
able success in thk direcdon, this did not meet all the reqnirtsmcnts 
of navigation of late years, for new shoak would be formed In high 
water, and the uncertainties of open river regulation made the navi^ 
gallon precarious nt low stog^ But a^ work progressed the river 
cbaEmels became more reliable, and nn enormouB commerce, princi¬ 
pally in coal and lumber products grew up, owing to the favoniblo 
location of the stream, runniug it did between the coelI centers in 
western Penney Urania and the large citiea along the Ohio and 
Mississippi Rivera A terminal harbor at Pittsburgh was anon 
needed. In order to more easily reach the important coal mines and 
to provide a quiet port in which loaded cool barges could be stored 
daring low water in large nunibers ready for Hood stages on which 
they could move downstream, a djim m the upper part of the river 
was necessary. Tti 1877 one was built, and the success which this 
had led to the oonstniction of several others lower down in 1806, 
until in 101D a project w'as adopted for tlie canalization of the entire 
Ohio River, with locks and movable dams throughout itE? length of 
about 1,000 miles (pi. 3, fig. 2). This project ia to provide a depth of 
0 feet and is now being constructed, 14 locks and dams having been 
completed, 4 wifi be finished during lOir*, and 13 are now^ under con¬ 
struction. The estimated cost of the new project is over ?04^000,0(>0 
and is one of the most comprehensive plans of river improvement 
ever undertaken in this countiy. The plan provides for 64 locks, 
with ringle-kaf sliding gate^ instead of swinging gates (pi, 4^ fig* 1)^ 
and includes dams having bear trap sections (pi. 4. fig* 2) and mov¬ 
able wicket sections (pJ. 5, fig* 11 so arranged as to fiirakh pools hav^ 
ing 9-foot channels at low stages, with all dams up. As the water 
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stAges risej section.^ of the dam Ofa dropped nxtiil at high water m 
sspecial obstruction to the flow of th<* river is offered* and oavigatton 
ean proceed over the dam without difficulty* Thia project wfis 
planned to bo finished in 12 years. No recfirds of tlie total commerce 
of this strmm have been compiled dnritig recent yeuraj l.iut at the 
various tocka etatisticB of traffic ans Iwpt The records nt tbc Louis^ 
villo lock of the cctnmerce psis^ing tlib point have liecn maintained 
for many years. It is shown in the following table for five-year in- 
ter^ulSf to indicate present tendencies: 


Tosa 

1695._ 1.120,fH4 

1900_ 1,514,104 

1D05_ 1,242,250 


TfMlA. 

1010- ____ 1,041.323 

lOlS ___— l,4-W,7B7 


Tbo tributaries of the Ohio comprise an estendotl system of navi^ 
gfttion which roaches a large part of the Slisaisaippi Itiver liasm. 
jVloug tliese tributaries, most of which enter tbe Ohio fi'om the 
south, are over 4,000 miles of navigable channels. Many of these 
tributary rivers are under improvenient of a most modem and efii- 
eiont tyi>c, and new projects of great inteneat have been begun on 
several within the last decade. The Konnwha River was the first 
to be cquippetl with navigable dmiw. The project for this work was 
adopted in 1ST5, but it was not until 1897 that the work was com¬ 
pleted. The total cost was $4,153,000, This covered the construction 
of eight movablo dams and two fixed dams, a ary^em which hns 
given a 0-foot depth throughout the length of the canalized portion 
of the river, of about 90 miica. Until the completion of milroHda 
along the bunks of this stream, the commerce consisting principally 
of coal, was of considerable size, with every indication of a marked 
increase in the future. This strejim, like so many others in the Mia- 
si^ppi basin, is not maintaining its importance aa a freight carrier 
since the completion of the principal railroads, as will be shown by 
the following table- Xotbwithstanding » great tucreasa in tlie pro¬ 
duction of coal in the re^on of this river, the commerce of this 
stream has not expanded: 


ren*. 

__ 1,231.382 

IfiOO_ _ 1.121,232 

isea-^ _ 1.0S2.312 

low_ l,47C.fl30 


IBO® - 1,619.65© 

t0lOU— ---- 1,122,102 

iai2— ---- 1. 2T6,540 


Th« cost of mainteiaftiic* duripg IfllS Tvas $9T,CM)2-7S. The movable 
diimst on ibis river aro of the Cbanoiiie ivicket type and have proven 
eminently gmx^saful in providing pook. for fl-font navigAtion. Ae 
nn engineering ppoblem atone# the solution has b^n very setbfactoiy. 
The ino33t important tributiiry of the Ohio, in ixiint of ir^Wic, io 
iJw Mnttonguhobi, On tbk atre«un are Icxrated many coal imn^y par- 
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ttculErlj in the lowest ^ix pcx^br nnd many nf the ^te«l mills of thE! 
Pittsburgh di^rict are also on ite banks m the lower pari. of 

the traffic of this river is coal carried to the mills of Pittsburgh, 
or carried to the harbor of Pittsburgh in small tows of three or four 
barges, there to be made up into larger tows for alupmeut^ at high- 
water stages, down the Ohio to other rlier points below. This river 
js canali^edt by fixed tkims, throughoiit Us entire length of lill miles^ 
Traflic on this stream has incteaisENl enormously in mrent years. 
The cotnmepce from ISflO to 1012 ivas as follows: 

TiDlUE^ h TuiLt+ 

. -U __ 4, CS2, l04 I 11105. ... 0. 211, 7^2 

iSaO.. 4,185.5*50 I lOllL____ 11,4^278 

ieof:i___ I _ _ 11 ,^ 175,203 

This OTstem of lock and dam^ on the ifonongaliela was acquired 
by purchase by the United States in 1897, at u cost of $3,761,651.45, 
and since tliat time three locks have been rebuilt and their damg 
equipped with movable tops, at a cost of about two and a quartcu^ 
ruillioii dollars. In Congress ordered the rebuild.ing of Lock 
Xo* 6, at an estimated cost of $350,200^ Thb river has had a very 
marked effect on tlib enormous steel industty of it^ region, by re- 
ducing the co«t of oouL Its location U very favorable, and it has had a 
very important share in the development of the great &toel mills of 
the Pittsliiirgh district. 

It should bo mentioned, however, that the statistics of 1014 show 
that tliQ coimnerce on the miles of rh cr above Ijoek No^ 0 la in- 
significant as compared with the rest of the river^ AUhoii^ coal is 
mined along thb part of the stream, comparatively httlc is shipped 
by water* The economic value of Looks Xoa. T to 15 mclnsive is thus 
seen to bo slight. The reason for this Is not appEtrenk 

The Allegheny River, which joins wdtb the Monongahcla to form the 
Ohio, is mostly' used in the lower 25 where np-stroam nari- 

gaiioD is the main movement of traffic consUting mostly of Blonon- 
gahelu RiA^er coal for the steel mills along the lower 6 miles of the 
slreani. Practically no coal comes down the Allegheny, for the 
reason that the coal fields, which are said to be as extensive as in 
the ^lonoDgahifk Valley ^ are of thin veins and so can not yet compete 
wdth tlio Monongahela mines. In UiLa lower 25 uiUee the locks and 
dams w ere coiupleted, No. 1 in 1903, No* 2 in 1906, and No. 3 in 190*1^ 
all at a cosft of $1.6903000. In 1912, a new project was uilopted by 
Congrees providing for extending slack-water navigation about 36 
miles farther np-streani by construc ting five new locks and dams, at an 
estimated cost of $2.7&3,CM)0* No work has been done on this new 
project because of n provision of law which requires that before work 
con be begun satisfactory a^urance must ho given that the channel 
^piins of bridges which obstruct the river at Pittsburgh will be modi- 
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6ed 90 as not to be In the way of I'esselfi navigating llie river. The 
conuneroe of this river for ftve-year periotis ia shown as follows: 


Tdiu^ 


Tam 


10OO_^______ 2, 9W 1010 _ ___ 1,181.003 

11X15_ . 23apS^2 1912.____1, car. 120 

Xearly fill of the trilMtnries of tlio Ohio of uny consiJerfi.ble siae 
ho VO cniioU^di luony within the last two decarle^. The JEtts- 
kingum Kiv^r had been provided with locks and daiiii^ for (i-foot 
navigation by the State of Ohio and a private corporation between 
183T and 1841. This system w'as in a dilapidated sjtole when taken 
over by the United States^ iri 1888^ for rehnbiUtatioiu Eind at that 
lime 10 neAv locks were awthoriiied* in addition to the repain?, nni^ 
later^ another lock, known as XOa tl, wtis provided for. This project 
Ims l)een completed for tevei^al years. The total eo.^'t for repairs and 
nmintf^nance since l&SB has l}een $^^50^000. The commerce has l>een 
slight, as is shown L^low; 


Tvtkw. I TuiBv 

n#l<>____ 338^956 [ 1912_04.214 

The Eiittie Kanawha, too, was equipped with locks and dams at 
an early date by a private corporation. It was not until I90& that tlie 
United States purchased the four locks in the lower river, at a cost of 
$103,000, Before this, a fifth lock had been built by the Govenimeiit, 
ill 1801* alcove the lower locks. The total money expended on this 
river was $281,000, by which the Irfoot navigation of the river has 
been restored and extended up-stream for 48 miles; CommeiTe has 
not been im[X)rtaDt, and consists principally of logs and i^ailroad ties, 
materials best transx)orted in rafts at high stages without the aid of 
locks and dams. During the la^^t 24 years, the c<™iiierce has been 
as shown bolow, during 6-year intervals: 


T^ai. 

1800 -_—^ 140,115 

leas_vto. £40 

1800__— U&.430 


Vwu, 

leos_*_—___ 100 ,510 

1010 .. S4.47S 

1012__80,202 


During the yeftr 191^, ^L4,500 was expended in maintenance alone« 
The Big Sandy Iliver is another tributary where lock^ and daniB 
have bwn built within comparatively recent years, hut where the 
comnierco has always Iwen imunportant. Three locks and dams of 
the inovabla needle type have olready l»en built in tlie mam river, 
27 miles long, and tbe present project provides for the continuance 
of the work up-stream hy building eight Iwks and dams on the Tug 
Fork and on the Ijcvisn Fork, the two branches fomung tlie river. 
Tlicse fi'rks are also to be provided with 6-foot depQis of dumnoi, 
under tbe project One lock and dam has been built an each fork, 
but it is now very unlikely that the others will ever be built—cer¬ 
tainly not for many years—as u reexauunation into the worOiinesB of 
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these streams for further espejiditures has been recently reporteil 
npoD adverselyp The cnst of the five oonipletefi locks ami ilaiiis had 
been $l,55Ss(H>rh The conimcrce <^nsists principally of logs and rail- 
rcjiid ties. It vras originally hoi>ed to reach the undeveloped coal 
fields at the heailwaters of the forks by the river navigation, but the 
construction of railroads bns made the extension of the slack water 
unnecessary and unprofitable. Commerce in recent years has Iwen as 
foUoWB; 
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A c^insplcuotis instance of the extension up-stream of the slack- 
water system of one of these sti’cainat long after the commerce has 
ileclincd to an tmimportant figure, is tlie Kentucky River* Tlie lower 
five locks of this sys^-tein were constructed by the State of Kentucky 
in the years iminedlately following 1885, hut they had grown useless 
and dtlapidatei;!, due to neglect, long befora the year 18T9^ wben they 
were turned over to the United States for restoration* lliese locks 
were i^ored at considerable expense, and a new project adopted 
soon after^ involving the construction of 14 new locks and dams^ to 
extend the G-foot navigation up te Bcatty^ille, at tins, headwaters, 
where it w as hoped the coal voins w'ouk! supply a volume of traffic 
that would justify the high co^ of the work. If any hope of sudt a 
traffic was ever warranted, the milroaila have since made it iinprob- 
able of fulfillment. The estimated cost of the proposed work was 
$4,8fi5,5rjO. Of this amount $0,870,000 has now been siieiit, and oil tlie 
system completed except tlie two uppermost locks and dams. The 
principol pre^^ent commerce of the river is logs and railroad ties, 
w hich arc best lloated dow'n stream, at high water, in rafts. In J912 
the coiiiinerce amounted to ISfijIlOO tons. Previous years show a falU 
ing off of Lnisinci-s in spite of the greatly iucreused length of channel 
available. The commerce as follows; 
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TVe sec here an expansive sj'stem, costly to build and cojitly to mail!' 
tain, withoiil enough commerce to w:arrant the outlay, ThU result 
was predicted 20 years ago by tlie local engineers, but without 
effect. The Ilea tty vilie coal can never compete with Pittsburgh conh 
even along the lower Kentuckr Riverp 

Several other smalt streams whicli empty into the Ohio have c^nal- 
iacd sections. The Wabaidi River, flowing south from Indiana, has 
one lock and dem, having a 5-foot depth over the sills and about u 
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A-foot lift. It furnislies a [hwI about 12 miles long, but at low 
water vessels have diflieiiItTr in reacbing the pool from the Ohio as, in 
fact, iit true of many of the tributary streams. This lock was bnilt in 
1895 ami cost over $2150,<XKJ. The maintejiaiicc charges during 1912 
were and tonnage handled that year was 1,187 tons. Since 

1897 the mainteunnoe has cost $89^93.97, The Green and Biirt^ 
Rivers Jikcwiso ha’i'e canalized portions, providing fi-foot navigation 
from the mouth in the Ohio to Bowling Green, Ky., and Maui’ 
moth Cave, a total distann^ of about 319 miles. The four old State 
locUs in Green River and the one in Barren River were pureha^etl by 
the United States lii 1889 and restored to a condttion for usej^anrl 
two new locks wore built in Green River a few years later, Xo. 9, 
the last of the eeriei?, wiis opened in 1900. The total cost has been 
about 82,086,000, cxdtislve of the cost of the two new locks, and the 
cost of maintenance in 19111 has been about $39,000, The freight has 
been largely exchanged with Evansville, Tnd.> which h a market for 
the logs and ties which form the bulk of the traffic. Coal on Green 
River forms the third imiwirtant item of commerce. The eommerce 
at the lowest lock of this stream will not incTndo some local business 
which is carried on in the river above, but will ineluda through 
frei^t and will serve to indicate the change in commerce in this 
Ftreum from tout to year. 

C'omtnerw, Ijticfc No. 1: 
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Farther west the Cumberland and Tennessee Rivers empty into 
dm Ohio. The Teimcfisce is over 650 miles long and the Cumberland 
SIS miles. On both of these streams considerable new work has been 
rommenced within tlio last few years. The Cumberland has a Ecries 
of icxik^^ eitonding from X-ock 41 milcis lielo^ Nn^^ville^ 

iiprtrcam 196 miles, the last of which was gnished in 1912, at a total 
coat of $2,413.D5S for all seven, Ijock .V, below Xashville, cost 
$ 3 . 90 . 900 , and Tjock 21, near ’Burnside, Ky., which was built to pro¬ 
vide u harlKir nt the headwaters of the river, cost $874,076. From 
Nashville to the mouth of the river. 193 miles, no locks were built, 
niid the stream was in a very uusatiafactoiy state on account of shoals 
during low-water iWison- It w-na not until 1010 that the lower 
section. eoniiMling w-itb the elack’Water part already hnislicd. was 
provid^ for, at a cost of $3,165,900. This covered the cost of five 
new concrete locks and dams. Gne lock. Just below Xa-shville, known 
os IjOck A. had been finished in 190-1, at 11 cost of $.305,000. The 
work on the five new locks is now under cotifitmction (pi, ,5. fig 2). 
The locks are to be of eoucrctc. with Eteel gates and fixed concrete 
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t. A ftocK Cut on tme Tsnhessee River showiho Twainiwo Waixs Aicin<5 the 
Sides, and a Conthactinu Spun on the LErr^ 



2. Haleys Bar Dam^ Tennessee Ftiv^n, under CoN^rflucTlON. This Dam has a 
41-FOOT Lift, and is Beinq Built with private Funds under Government 

SUPLWVISJDN fOR THE OROkTION OF tLECTfllC PO^CN. 
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Plats 8. 



1, Dam No, 17^ Black WARftKm RlVEi^n Ala., uwder CoN&Tfli^CTWfc Tmes Dam 
HAS A 63-FoqT UFTn ani> m BEIJ40 Built bt Private EhTEHPFLiaE roH the 
CREATHDN of ELEOTHtC POWOS IjOOKINQ TOWAflD THE ABUTHSKT EhO FMM 

THE Lock Side. 



2. The Upp£H End of The Dall&Celilo Canal* Columbia Bivew, Oaen Side 
WALLB OF Concrete C^my the Canal Trunk AnouffO CEijui Falls. 
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{lams, iiiid will provide for 5-foot navigaiioiL from the Ohio t» Xaah- 
vilUi and there cftEmeet with this upper river to a poini above Cjlt- 
thage, about lt>0 mile$ further. The nine lock« now in api^rntion cost 
$I2l^j563 for niainteciRUce in 1013. Coniioerce ou tJiO Cuini>erlniid 
has l>ceii as followfi, consisting largely of Icigrs and lumbers 
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Of all the tributaries of the Ohio the Tennessee nlfords the greatest 
variety of rcgiuieB, The lower ^sectioii^ of about 230 miles^ is somo’ 
wlrnt like the Missiabippi—a slowly flowing, crooked stream of small 
islope and comparativoly large discharge^ with low banka and soft, 
eiisUy eroded bed. Dredging is the form of iniprovement mainly 
relied on for ehannel deepening. The nest 233 miles is what is 
known as tlie ^‘mountnrn scetianj"- where swift eurrent^ roclcy beds^ 
high and rocky hanks, rapids, and whLrl|>ooi3 are met with, ret^uirmg 
rock removah cinalization, and lateral eanab for their ti-eatment 
In the upper section, of about IBS miles above Chnttanoogaj die bed 
and bonks are fairly pernmnentj but tbo shoals and rapids make 
iiflvigatioQ diCieult at low water* Here regiilatian by dikes aud 
excavation tunnels is used. The river is 652 miles long and has 
tributari^ which increase its channel length to L^OO mileo, all of 
wliich can be upcd by steamboats, and 1,000 miles more can be used 
by rufts and flatbeatSi Its drainage area is 44,000 square miles. The 
vrork on this stream, udnch began as early as 1335, was done in a 
rather disconnecterl way until 1909, when a scnglo project for tho 
entire stream was projKJsed, providing for 6-foot navigation from 
the inouih up to Chattanooga and 3-foot from CbaUanooga to 
Knoxville and the upstream end. The total mated cost was 
$13,060,000 and T2 years the estimate of time in which the work 
should bo completed for most economical Work is now under 

wfli" on this project. In the lowest section the most formidable oh- 
Htniction is a rock shoal known as Big Bend. Tliis work b note^ 
wortliy, Hjs specially designed drill mfts arc used for driUing and 
breaking up the liottom {pi. 5, %. I), and ii crane with n flOToot 
boom and ii gi apple bucket, are used to remove the bla±f£ed iimicrial 
(pL (k fig. 2). the purpose being to place it in tmining walls on each 
aide of the cut to net um guides for low-water navigntiou, and thus 
IIvoid handling a large part of the material by barge (pi 7, fig. 1), 
This w ork is now under way. The dredging and rock removal under 
the new project was estimated to coirt $300,900 In addition to previous 
work. Already $334,000 has been, expended on tliis section to secure a 
5-foot depth of chiinncl. and the addition if I amount is letjtnred to got 
the tt-foot depth uecessarr and complete the dec)>ening of the remain- 
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inc fihoftls. In thfl wiMh section are t* l>e found the woll-kno^ 
Muscle Shoals, ftround whicli two canals, aggregating about ISO milee 
length, with 11 locks, were opened to navigation iu 1800, at n 
$.1101.726. The tniiintenauee of this canal has cost over a million 
dollars since tlien. Tlie use made of the canal has never reached ite 
full capacity, but its value has been consl Jereble to Chattanooga and 
Bridgeport Tlie completion In lOH of the 8-mi!e lateral canal 
around Colbert Shoals, with Sts SB^foot Uft lock, and the construe 
tion of the dam at Hales Bar for power purposes, are the most note¬ 
worthy new features of this eectioti. The Collicrt Shoals Canal was 
commenced in 18M and has just recently been completed at a total 
cost of $2,326,000. It is 8 miles long and provides for a draft of 
7 feet, The huge dam at Hales Bar was built by private persons for 
power purposes, and has a lift of over 41 feet. The problem of 
dations presented many difficulties, but the.work is now pnictically 
complete. The foundations are novel in river work in this coimtry, 
and wero made of concrete caissons sunk side by side in the nver bed. 
From these the soft and imperfect rock of the river bottom was 
moved under air pressure and the eaison then “absorbed ■ in the 
fmmdatiou by fUUng with concrete. This dam and its appnrtenanc^ 
are Said to have cost over $5.0fl0,000, and arc planned to provide 
ftl.OtX) horsepower when fully developed fpl. 7, fig. *3). It is a notable 
example of the cooperation of private and governmental agencies to 
secure tho fullest development of the river’s resources, both in the 
creation of electric power and the deepening of the river for naviga¬ 
tion. Other interesting instances of recent construction are in the 
ilissisrippi at Keokuk, Iowa, already referred to, and in the Coosa 
and Black Warrior Kivere in northern Alabama. In all there lias 
been spent on the Tennessee Hiver a total of $7,198,496, made up as 
foUow.s: $123,255 in the upper section, above Chattanooga; $0,531,21,0 
m tlie middle section, where the most obstructiniis exist ; and in the 
lowest section $534,OSl. Tlie commerce, in five-year i>ei'iods, in tonji, 
is ns follows: 
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The Missouri Kiver is the longest tributary of the Mississippi, 
being 2,li5t miles long. Its width is from 300 feet to 1 mile, and its 
depth over sdioals is only about 3 feet. Its banks and bod ara easily 
eroded, and the channels frequently shift in porition. At various 
times between 1838 and the proEont dmals have been deepened ami 
suags have Iwou removed from tin; cliannel at tlie worst places, but 
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no kuproTemeat was ^ver adopted imtil the project of 

18S1 was commcaced* providiDg far revetting tha banks, regulating 
the widths to fix tlio ehanitels in location^ and removing snags* In 
nil- htts been expended on this ri^er up to 1013* The 

work has not sen'ed to stimulate fsommerce^ as was hoped, for the 
tonnage of the riveu* remains noticeably disproportionate to the length 
and sizo of the stream* It has merely shown that a navigable chan¬ 
nel can ije obtained I although afc n very great cost. The main efforts 
of the engineers have Wn directed toward the contraction of the 
river where nocessary, rectification in other places, and securely hold¬ 
ing the channel in place by using revetment on the banks and per¬ 
meable ilikes in the stream to collect and impound sedimenfc at previ¬ 
ously selected places* This disproportion between the high cost of 
an ade<iuate channel and the small use being mado of it during late 
years has reduced the interest in this river, anti until recently the 
work has consiMcii principally in mahitmance of existing conditions 
by protecting caving banks and removing saags* For eight years, 
\SM to 1802, the river was under the direction of a commi^ion mmi- 
lar to the Mississippi Hiver Commission^ but this method of admiois- 
trat ion has not been altogetlier succearful^ and it was abandoned on 
the Mjssoiiri in 1003. Notwithstan<ling these discouraging tend¬ 
encies, in 1012 a project was adopted to ptvHide a 5-foot channel, 
within 10 years^ time, from the mouth iu the ML^sxippi up to Kan¬ 
sas City, nearly 40<J miles, at a coat of $:30,000,000, This work 
is now under way, the principa] reliance being put on dikes and bank 
revetment assisted by dredging. 

The commerce of this river below Sioux City, Iowa, has been ns 
follows; 
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The foregoing analyeis of the largest and most important riven* 
in the Mi^ssippi Eiver ^stem wiU illustrate the tendeacy, so much 
more noticeslile of late years than a decade or two ago, of the dimin- 
iahing part the rivers in this great basin are playing in the up- 
budding of this important region* Many other smaller rivers would 
accentuate thLs important fact s^till more strongly, Jfow'hers in this 
country are the producU of the farms more abundant; nowhere are 
the mines more productive; nowhere h the induatry of the popula¬ 
tion accomplishing more than in this vast area. Commerce is in¬ 
creasing by enormous strides^ and rail lines have multiplied their 
branches' The total commeroe at St, Lout^j receipts mid shipments 
oonihined, was tons by river, in 1800, and 15*240,141 by 

rail. In lOOS it was 415,855 by river and l-tjSfiljSSS by rail. During 
73880*—1015-87 
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thc«e 16 years rail business nearly trebled in volumet and riTer com¬ 
merce fell to one-third of its IBM dgufM {St Louis Merchants’ Eat- 
cbange Report). Grain has almost difiappoared from the rivers. 
Cotton is no longer carried in quantity. The main items of river 
contmerce are cool, sand, and forest products. Jictwithatandlng lar^ 
stuns for new improvements, nothing seems to have checked this 
decline in river commerce, wherever it has ^own a positive tondencj* 
With the deception of the ^fononguhela, and perhaps one or two 
other Streams, the best that can be said for the busiest streams in this 
entire valley is that tliey are holding their own in tonnage from year 
to year, an admission in itself that the rivers are not idinring in the 
development of the region through which they pass. 

lliG rivers entering tlie Gulf are, in general, oompnrutively unim¬ 
portant Bs conmierce carriers, with the exception of the Mississippi, 
whidi B 3 a Gulf port has a river commerce which amounted to 
4^7a.@47 tons in 1012 at New Orleans, and for the 10 years preced¬ 
ing it diowetl a sulistantial increajse. The main Gulf rivers arc those 
of Alabama mid tliose of Tesns. Of the former, the Alubama River 
with its tributaries is the most important, owing bo its leu^h of 825 
miles of continuous waterway. This importance also arises from 
the lotration and direction os it proccds from the interior of the State 
and flows to Mobile and the Gulf. The most recent project, that of 
1910, provides for a channel i feet deep, at low water, and 2M feet 
wide, from the Mobile River, where depths are sufficient for river 
boats, up to 'IVetuttipka, juid above Montgomery on the Coosa River, 
The channels of the Coosa are partly through regulated and partly 
through canallaed portions. Work on the Alabama River has 
already cost about and on the Coosa, 82,045,000. The pro¬ 

ject for the Coosa prerides for 23 locks and dams. The commerce 
of the Alabama in 191S was 130^46 tons, valued at obont §7,^,000; 
and on the Coosa, 52,342 tons, valued at a UUle over a million dol¬ 
lars. On tho Coo&i there is a notable example of a dam which is 
being built for power purposes under GovernniGnt peimussioo. It 
has a lift of over 63 fret and is to be prorided, later, wi^ lo^ for 
passing ve^ls. It is now completed and in operation. It will pond 
the water back fi»r over 15 miles and will furnish a navigable channel 

4 fret deep or more for that , 

The Warrior and Tombigbw Rivers form a continuous line of 
water cotiimutiicfltion from the mouth in Mobilo Bay up to the forks 
of the Warrior River and to the M arrior coal fields, about 407 milre. 
The Tomhigbee portion, IBS miles from the Golf up to the Warrior 
River, has been made nsrigahle for 6-fool navigation by the con- 
fitnict’ion of three locks and dams and by regulating work, at a cost 
of $1,348,000, This work is now completed. The Warrior River is 
to haW 15 locks and dams, of which 12 have been completed and 2 
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provided for by recent approprisdon and 1 stLlJ to be built. The 
total estimated cost is $0^47,000, of which $8^48,000 has already 
been made availabte by Cotigrcssi At Lock IT a dam 63 feet high 
is being built by private funds for power purposes. It will ba 
efjuipl>ed with two locks in flight to pass vessels: This dam is now 
under construction and is practically fintshcd (pi. 8* fig. 1). The com¬ 
bined conitnerce of these rivers is comparatively small, amounting to 
4frl,754 tons in 1013. Tlie cost of maintenancd of 13 locks in opera¬ 
tion in 1913 was $1^2,000. The high firs* cost and large amoimt 
needed for maintenance will rvfiuire a large increase in commerce if 
the work is to .fns^ify the judgment of those responsible for the 
undertaking. Commerce since 1890 has been ns followsi 
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Of the Texas rivers the Trinity Itiver is one of the longest in tlie 
State and has been navigated at favorable seasons for a distance of 
MO miles upstream from its mouth in Galveston Bay, It is a narrow, 
shallow, w’Jiiding river, witll low banks. It was proposed in 1009 to 
provide a channel, by open river work and locks and dams, to give 
a 6-ftMit depth up to Dallas, Tex., 511 inileii from Galveston, at a 
totiil cost of over ^,000,000. This project wan adopted after con¬ 
siderable discuasion in Congress, and already $1,534,000 has been 
expended and three locks are now completed. The water is so low 
in this river at certain seitsong that at one time it was seriously sug¬ 
gested that Hitcsinn wells Ijo used for supplying enough water to 
overe<siie the w'astc due to lockages and evaporation. The commorce 
has never been important and is now completely intemipted by tho 
unusable condition of the river below the lowest lock. This river is 
another noteworthy example of the i^olicy of providing facilities for 
river navigation long in advance of the necessities of commerce. One 
of the hoped-for results of river improvement in this instance was 
the regulation of rail rates from Dallas to Galveston, but legislation 
in Texas has already accomplished much in this direction, and the 
necessity for the very expensive work required is accordingly much 
less evident now. 


PACIPIC COAST RIVERS. 


On the Pacific const the most unportant river in point of com¬ 
merce is the Columbio River in Oregon and Washington. From its 
mouth in the Pacific Ocean up to the month of Willamette River, 
98 miles, and thence up the Willamette River. 12 miles, to Portland, 
thw waterway forms a ven' important artery of trade. Portland, 
by virtue of these rivers and their channels to the sea, becomes in 
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tmUty J 1 seaport, n fact that has been of in^ioiable Talue in the 
ilcvL'lopment of the eiiormons trade in gnun and flour that has 
sprung up largely utith the Orient and niade Portland otic of the 
first grain-ex jwrting citica of the country. The upper C'Oliinibia, 
together with the Snake Biver, for many years formed the only 
oieauB of connection between the interior and Portland. In 1888 a 
line of railroad was opened along the south bank of the river and 
later, about liHO, a second line down the north bank conoMting 
Spokane with Portland and Seattle was put in operation. These 
rail lines have radimed the importance of the river bb a gram rar- 
rier: but tlie rule of bringing seagoing ships as far inland ns posaihle 
will alwaj-s maintain Portland tia the main seaport of the Columbia 
nn«l insure, if not ineraase, the value of a deep ehonnel from Port^ 
land to the sea. The first project for this channel was to pro^-idu a 
iJij-foot depth from Portland to Astoria at the mouth. This was 
adopted in ISTT and was easily secured, with dikes and training wells, 
by dredging. In 1801 the proposed depth was increased 
to 25 feet, and about $1;300,(X» in all was spent in completing this 
project. In I80d a systematic program of dredging on u still larger 
scale was adopted and $2,630,000 was spent, in all, on this diannel 
up 1013, In 1012 the project was again e.xtended to provide for 
a depth of 30 feet at low water and a width of 300 feet from Port¬ 
land to tlie head of the estuary at the ocean, and thence 20 feet oyer 
the bar in the sea. The esrimated cost was $3,770,000. The extensive 
jetty work at the eea entrance has now resulted in a depth of 27 
feet at low water on the bur, and, with a 7.5-foot tide, a, draft of 27 
feet can bo taken to sea by observing the tides. The river channel 
near Portland’ will bo provided with three dn^lges, a new 30-iticb 
suction dredge having just been completed by the city of Portland. 
Two large suction dredges {24-inch) are now being built for the 
(Jovemment, and on completion there will be six large suction 
dredges at work on the river chaiinela between Portland and the 
sea. This method is mainly raliod on to mure and maintain the 
nniposed depth of 80 feet, but contracting dikes are used at Ificalities 
wherever tliev are found useful. Already 22 per rent of the work has 
been done ‘Commerce on this part of the Cohunbia fiivcr has 
increased steadily of recent years and in 1012 amounted to 6,340.65® 
tons, valued at $85,061,745. The main items are grain, lumber, coal, 
and dairy products. The commerce within recent years is as follows, 
hy five-year periods: 
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Tn the Colaimbln Biver abo^e thi3 month of the WillmnottG River 
there Ere htUl nmny difficult obstriictions, for the eharacter of tire 
liver diEoges abruptly at the Cascade RapidSi about 100 miles above 
Poi-tlanth Here the river has cut its way down soveral thousand 
feet throuirh the Cascade Mountains in a narrow nnd precipitous 
rocky gorge. To overcome these rapids a canal one^hatf mile long 
was built over 20 years ago and opened to navigation iti 1806. A 
double lockt ^Jicb part of which h 462 feet longj 92 feet wide, with 
a depth of 8 feet on the sills and with a total lift of 24 f«t, was 
bnilt nnd has been maititaiiied in operation since then. It has cost 
$3,825jOOO. River commerce has not dtrveloped in this upper part of 
the river os wss originally estpeded* as will be seen from the statistics 
of recent five- 3 ’Gar inten^nls, Until the chajinel& in the upper river 
are mode safer, a great increase could hardly be expected ; and in the 
meantime the railroads have been completed and have taken over 
nenrly all the increase in commerce of this prosperous region. In 
1900 the commerce was 17JI0 tons; in 1005^ 35d66 tons: 1910* 32.794 
tons,* inid 1918, 33,219 tons. 

About 90 miles above the Co^odes ire the Celilo Tinpids, a com¬ 
plete bar at present to lb© u.se of the river ni all stages. Here n cannl 
about 9 miles long is now being built* vnth four locks, each 300 feet 
long, 45 feet wide, and T-foot depth over the sills, to overcome a total 
lift of 31 feet (pi. fig. 2; pi. 9, fig. 1). This cnual is being etit for 
part of its length thrcaigh tlie ba^ltic rock of the locality fph 9, 
fig. 2)* and the deaigii of locks is somewhat uunsual in the details of 
tlie walls and gates. The estimated cost of the work is $4,845^000. of 
which over $3,000,000 has already been spent and the work is now 
more than two-thirds completed. The original project, now ili^- 
cordeeb provided for a boat railway on which ve^^fs were to l>c 
raised about 10 feet above the water at the upper end and dropped 90 
ft^et at the lower end, after l>eLng transported almut 9 mllos overlnnd. 
The light ™stniction of the vessels of the Columbia River and the 
difficulty in building a cap that would be suitable for safely cartying 
vcssoIb over the vertical and horizontal curves which were indis- 
peit&able to the plan were some of the strong reasons whidi caused the 
abandonment of this project. 

Whether the commerce of the upper Columbia Elver, together 
with that of the Snake, will ever warrant the high cost of thk 
canal and that at the Ciscadea is a problem tlaat will n^quire many 
years in the future for solution* It was neconiniendcd that a portoge 
road be built around the Celilo Rapids before commencuig on the 
ranaK in order to determine the rolutne and character of the com- 
tnerce which tnight develop. This portage road could be built for 
about onc'tentli of the cost of the eanab and could be used as n con* 
struct ion road if the canal were ever built. The pleasure for a canal, 
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hDweTcr. was so urgent tl.nt funds wp« finally pvoM without con- 
sidel ing the portage road favoraWy, imd tlie canal work w 
under wivv. The increase in the productive capacity of the 
ricuUuraf lands of eastern Washington ^d Oregon 
Idaho is fully meeting the early espeefcatvon^ but il remains to ^ 
«en how much the river will be in Uie future as a Ime of ^m- 
luerL-e in competition with two parallel lines of railroad m the same 

'"‘\Uhe month of the Columbia is a notable instance of river work, 
wliidi, for the boldneis of its undertaking and llir sneceas alteiKlmg 
the work, has been widely studied and freiiuently commented on j 
river engineers. The training of the river currents over the bar in 
the ocean, including not only the tidal currents, but al^ those arising 
from the natural discharge of the river, are so directed as to r 
ereater depths, and tlie restnet ion of all useless side curreiita and tl e 
shelter for the channel thus created are all aocomplishwl by double 
jetties of riprep so placed as to direct the d^iiiic effect of th^ 
iurrents at a particular place on the bar. Originally bar depths 
were from 1S> to al fret, but already Uie controUmg depth is 21 feet. 
Tlie soHiJi jettv is to be 7 miles long, estended i»to_thc open 
where storms are of violence mid often of long duratmii. fbe 

north jetly la to i 'i miles long. The total sum expended has been 

nearly $ft.(KK),000. Including the cost for tnaintcnance. The MWlti 
iettv'has been completed, and the noitb jetty has been girted. -V 
depth of ■10 feet over the bar la expected a’hea the work is nearer 

completion. . . ■ •n, 

The Sacramento is the principal river m California. T, he San 

Joaquin River, which joins witli the Sacramento at the head of 
Suisun Bay, is used for navigation in the tidal portion up as far os 
liie Stockton Channel, about 45 miles, but above this point is not 
extonsivelv iisrel. The Sacramento is almut Sl-O miles long. Imt the 
uppemiOEt SO miles of the river is torrential in character and 
i,2d for namgatiim. It Is subject to numeroiis floals, wliidi imindato 
several himdtwl thousand acres in State nearly 

every soring Its loiv-watte discharge is almut 8.000 enbic feet per 
sreoiid and at high water it has reached ftW.OOO cubie feet per second. 
Formerlv the plan of channel development provided for securing 
7 foot depth at low water up to Sacramento City, ahmit tVl miles 
from SuLsun Bav. In this bay the deptlis up to the mouth of the 
Sacramento arc 14 feet and over. The project also proviiles for a 
4-faot depth from Siicramento to Colusa, 80 miles, and 5 feet to 
Red Bluff, about 110 miles farther. On this project over $740,000 
has bwn spent, and the projected deptlis have been secured and 
nmintained for many yeara. The Baorumento River and the Feather, 
u tributary, were veiy much subject, a few yeani ago, to deposits 
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wii3hcd down from tte placer-miaiiig regions of the upper 

Feather^ Yuba^ and Bear Rivers, and a eamniission of Armj en¬ 
gineers was organized in 1801 to protect the streani. Debris con- 
clitiojis are now materially improved iti tlie placcr-miDiDg regions, 
owing to the restrictions imposed. This cDmiuissioni, in the per¬ 
formance of its functions, has recently proposed a plan for C 50 m- 
bining the control of floods;, the impounding of mining d^ris^ and 
tlie bettement of the navigation channel in a single project, which 
has been adopted recently by Congress and by the State of Cali¬ 
fornia, both eimring th& expenses eqUidly. This is a very unusual 
ejcampte of an exceltejit coordination of tlie various features of river 
work, and may be held up as an example to bo followed on other 
streams* The estimated cost of the project is about ¥11,000^000, of 
w'hich the State of California i$ to pay one-half and furnish the 
land necessary for ievees and other worker The management of tho 
construction work is to be under the direction of the Army en¬ 
gineers of tho Government, and ou completion the whole Ib to fw 
turticd over to the State for malntemmceu Flood control, on tlie one 
hand, invohdng the reclamation of thousands of aews of valuable 
agricultural land from spring inundations;, and ehatinc] development, 
on the other, are so related, and the additioniil need of restricting 
mining dfbrb arc all so intimately connected, that it itiade it e.s- 
sential to put one organiZHtion in charge of all the related aclivl- 
ties in order to secure economy in operation. This new project, ap- 
piTived in 10lO> indiides the excavation of river channels by dredjipng* 
the coustruction of levees, uaing the excavated material in orrler to 
control high water ^ges^ and, further, involves the pi-oper gauging 
of the river widtha to prevent choking m the lower reachesL The 
river mouth is also to bo w idcticd and straightened, ll^liniug d^ris is 
to bo impounded, us far as poa^ibk, at the eite of the mines. Already 
tivo large ^-inch sTJction dredger are at w“ork on this proj"ect, which 
promises unusual results and widespread beneflt. Commerce on the 
Sacramento amounted to 24DtlO*'i tons in 1300, 419,647 tons in 1305, 
484,804] tons in 1000, S5S,164 tons in 1005, 425,000 tons in 1010, atuj 
477,202 tons in 1018. 

ATLANTIC COAST RnERS. 

None of the rivers on the cast coast of New England present any 
speciallj’^ intere^ing or novd features in point of channel develop¬ 
ment or amount of oouimerce carriedp except that there are a number 
of rivers entering bays, like the Ifystic in Boston Harbor, which for 
a few miles partake of the character of tidal estuaries or liarhors for 
important cities, and are the means of haudling large quantities of 
freight^ mainly coal. In general, this commerce te increadng, but 
this kind of is in a separate dtu^; in fact, it is the only class 
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■which the records diow to he materially increasmg in comHienM. 
J(o@t of these streams lave depths of SO feet or over and fninkh ship 
channels of cotisiderahle importance^ In general, the tendencies on 
tha other rivers in this vicinity is to a decrease in commorco. 

The Mystic River ivns originally 14 feet deep in its lower portion, 
of about two miles, but was increased in depth to 2S feet by the pr<^ 
viicons of the project of 1899, at a cost of $130,000. The latest proj¬ 
ect, that of 1910, provides for an increuso to 30 fia;t depth, at an 
additicaial coet of $l7$.00a The commerce of the river ■was onginQUy 
incorporated in that O'f Boston Harbor, but in lOOfi was *2,841,00* 
tons; 1910, 3.245,030 tons: Jind in 1912, 3,0*1,212 tons, valued at 
$10,(HK)j(K)O, 90 per cent of which waa cnaL Tins harbor \& fairly 
representative of those of its kind in this region and shows present 
teiidoncica, 

Proi iilence River is only about 8 miles long, but is an estuary 
of much iiuportanee. Its original channel depth of lers than 9 feet 
is now deepened to 25 feet, and the area of deep anchorage enor- 
mDiisl.v increased. Tlie latest projects, those of 1919 to 1913, provide 
for a 30-foot deptli of channel and a deepening of the anchorages, at 
a total estimated cost of aljont $1,500,000. A new r^riction, how¬ 
ever, is now included; that before work cam. be Ijegim the State of 
Rhode Island and city of Protddence shall complete their proposed 
public terminals and other harbor works, at a tost of $2JX)0,0t)O. 
AlreBd5' the Government has spent $1,324,(HM) on previous work. 
The commerce in 1805 was IjfrtSfTOO tons; 1900) 2,BS3,308 tons; 190,5, 
2,259,173 tons; 1910, 3,814,982 tons; and 1913, 4,585,364 tons. Com¬ 
merce by water is chiefly coal. The requirements of the Cnlted States 
Government that local interests sbaU sliare in the expense of harbor 
work is a new and increasing feature of great interest 
The Hudson was one of the earliest rivers of the country to l>o 
improved by the Government. Work iwgan oven before 1822 by the 
State of N"ew York, at which time the Eric Canal -was opened, and 
in 1823 the Erie and Champlain Iwth emptied into the pool created by 
the State dam at Troy, hiiishcd nboiit that year. In the bcginjimg 
the river iviis shallow in places and not over 4-foot depth existed 
over some shoala. Work by the United SUtes began in 1834. At 
present u channel exists that affords a 39-foot draft from the sea up 
through the harlmr of Kew York to the city wharves in the lower 
portion of the river and from there 30-foot depth ran be found np- 
atraam for 93 miles and 24-foot for 24 miles farther. The upper 
stretch of 39 miles is limited to 9-foot draft eswpt between Albany 
and ?few Baltimore, where 11 feet Is available. This work baa lieen 
completed many years and has cost alnout $5,500,000. The newest 
project, that of 1910. provides for 12-foot depth in the upper 39 
mil«s, necessitating a new look and dam near the old State dum and 
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coo^idtirablo open cbnmtei work. This dnnit with the deepening in 
the old ehonneL ss fax down us W&terford, is estimated to cost 
$5,lSStO&4. About one-5fth of tliis work is now done> Commerce In 
the lest two years has declined, but this is ascribed to the uncer- 
tuintj of tlie effect of the new Erie Canal and the abandonmeDt of 
the i'irer ice honsea The commerce in 1900 was 5^070,800 tons; 
1905. 3^13,545 tons: 1910, 5.033,360 tons; and 1912. 3,045,136 tons, 
valuwl at $172,107,906. 

Hurlem liiYcr und Spuj'ten DujvD Creek together form a water¬ 
way S| miles long, connecting Long Island Sound with Hudson River 
along A line north of Sew York City. The deepening of this water¬ 
way bos resulted in a new channel which enables freight to be brought 
by water to a very large manufacturing region in upper New York 
City. Its commerce bos increased very markedly of late yearai Origi¬ 
nally the channel was narrow and crooked and only 4 to 6 feet deep. 
The pntject of 18T8 pirovided for a channel 15 feet deep and 360 feet 
wide, at an estimat^ co^ of $3j00,000. The proposed width hus 
now been increased to 400 feet and the project has been further am¬ 
plifier! from time to time and the estimate finally increased to 
$3,500,000. Up to 1913 $1,683,000 had been spent and about 44 per 
cent of the work done. Full depths are not yet available at Macomb's 
t)ani and near East Two Hundred and Tenth Street, but olsewbere 
die project is practically done. 


Commerw In — 

1803 - 3;t84.400 tona 

- T,iY13.S91 tiliM, VBlned at tSttR.TOT,3TU. 

1000 - 4474.0S7 miw. 

IWKi - ^ ' 0,006.021 KU1I4 valued at 4270.210,30l>. 

1010 - . 12.821885 tonji. 

1912 - 15,370.742 tatia, valued at t743.30<l,04S. 


This river may I* said to have reached the third stage of develop¬ 
ment, before mentioned, where the congested eo'ndition of traffic has 
provided so much commerce that a large share necei^aTily falls to 
the water lines. Arthur Kill is another stream eiiiptying into New 
York Harbor of similar nature. Its commerce in I91i! amounted to 
30.535.094 ton.s, valued at $515,437,656. 

Delaware River is 815 miles long, but the portion fro'in Phila¬ 
delphia to Delaware Bay, lOJ miles, is the part most used for navi¬ 
gation. In this lower portion the origidal depth of 17 feet has 
been increiised materially, and the width of tlie channel nearly 
doubled. The first formal project, adopted in 1SS8, provided for a 
depth of 26 feet from Philadelphia to Delaware Bay, and a width 
of 000 feet. This project was completed in 1898. In 1899, it was 
planned to secure a depth of 30 feet Tfi all, $10,170,000 has been 
expended on this part of the river since 1834—on these two projects 
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and on former work. In 1^10, the project was further amplified 
to provide a depth of S5 feet, and a channel 800 feet wide in the 
straight parts and 1,000 feet wide at the bends^ all at estimated 
cost of $l 0 , 02 i 0 j 000 . This work involves tlie removaJ of 53,000 cubic 
yards of rock and over 73,000*000 cubic yards of soft dredging. 
Two auction dredges are now constantly at work on the new project* 
About 82,000,000 has been spent thus far^ and the new work nbout 
one-eighth completed* In necent years the commerce bus shown s 
healthy increase* 

In It wna 31,350,^:70 tottfi. 

It wos 18,0^,S53 ton^ 

IDOO It was 21,OIO;232 tciUU 

1D(K5 it wna 24.383,571 Iona. vnltif^I nf «l.ra484T,4BS^. 

IfilO It was :U077,(m tijnu, valUtMl al 

1912 Ic WJIE 263T;a35 twnS, at ^l;2S5aO0>«21, 

By far the largest item of thla comraeree is coal. It will be seen 
from these figures how important a part in the development of this 
enormous trafiic the channel development has played. 

The St- Johns Biver, in Florida, is another esnimple of increasing 
trftlliCp fostei'ed and encouraged by welhchosen river work* This 
stream waa originally closed mt its mouth by a bar on the oceam 
over which there was only 5 to 7 feet depth at low water. By means 
of two ]ettie?i; supplemented by dredging, these depths have now 
been permanently inci?easod to 25 feet at low water* The upper 
river, also, was originaHy intornipted by shoals of about 11 feet 
depth* In a project was adopted for a channel having a depth 
of 15 feet from Jacksonville to the sea, 27.5 miles* in 1SS>2, it was 
found that the chuELnel over the bar had been 'Rx^d in position by 
jetiiea, and tim depth increased, by tliat time, to 13 feet at low 
water, and a new project for 18 feet depth of channel was thereupon 
adopted before the earlier work had been completCKL This latter 
project was completed in iSiH- In 18S>6 the pruptised deptli of 24 
feet at low water and width of 300 feet was approveih and work 
was undertakem This project was practicxdly completed in 1010, 
when the present project of a SO-ftiot deptli of channel was adopted* 
TJie newly proposed width is 300 feet in straigiit neEkches and 000 
feet at bends. On tlie earlier projects %iJ}0OfiQQ has been expended, 
and on the present plsn 81^00*912, and work ia about half eom-^ 
pleted* This new channel has been very effective in affording 
cheaper lines for fi*eigiii destined for northern ports and affeiis a 
large and prosperous area* Commerce has increased at a healthy 
rat* and has jnstilird the original estimates of growth, and appar^ 
ently warraiiled the expenditures necessary. 
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Tlie ctimintrt* Sn— 


1S90_ 

746;,SSi5 IDOB. 

ISjK?—_ 

241,007 tons. 

1000_ 

6494221 tons. 

IBOS , _ _ 

1,00D4116 tuna. 

laio_ 

2,10(^,826 tPiw. 

1012 

2,204,791 ions. VDluLtl at ^,877.003. 


Th<? success attending tJa? opening of Ibo mouth of this river m 
the Atlantic Ch’ean has been very marked. This riTer, together with 
tfie CoUimbift Kiver and several others on the Atlantic and Pacific 
rraiHtOp furnishes examples of a ilistjactly courageous treatment of 
river months m the open sea. This method of applying twin jetties 
of riprap to bar harbors has now been well tried, and ia aceopted 
aa an approved metliod of ovenfoniing the obidTUetion caused by 
streams and tides at the mouths of rivers emptying into tidal seas, 

C5ENEnAlA OBSERVATIOXi}. 

Tn conclusions it might be well to snnimarize some of the mole notice¬ 
able tendenciefl m our mterlor natural waterways. Firsts one is struck 
lit once with the enormous increase in the commerce of the Great 
Lakes between the western end of Lake Superior am! the harbors of 
iiortliem Ohio, In spite of all cdortfir it seems almost impoasiblfi to 
maintain facilities much in advance of the needs of navigation. Xew 
and larger locks at the “Soo” new and deeper channels in Lake 
litiron are scarcely complete before deeper Ijoats and more perfect 
terminal facilities make these waterwaj’s inadequate to the new de- 
niiiJids. Notwithstanding the several months of idlcncsss in tlie win* 
tertime, when ice stops all navigatioii, the tonnagei carried boa in- 
cnKised year by year until it has been necessary to have separate 
diuTincIs for upbound from those tised for downbound vessels, and 
very much more than double the lock capacity at St. iMarys Kapids. 
The new and e^rtensive projects for the acDommodation of this traffic 
seem well jiiEtiiied. 

Second^ it oeems deeply disappointing to see nearly all of the 
rivers of the MieaiEsippi Valley either conspicnouely declining in 
trafEr or^ in a few cases, holding their own with much difficulty^ Not¬ 
withstanding the adoption of the beat type of locks and movable 
dams, the most modem and effective open river work, and the aid 
iiifordod by the Government in improving the shallow-draft river 
steamiKMita* notwithstanding huge appropriations and extensive work 
of the highest engineering skill, notwithstanding the enormous in¬ 
crease within recent years in every branch of industry in this wide 
area, tliese rivers have declined m usefulness and imporUince; their 
freight hiw been eJctenHively taken over by the railronds of this 
region; boating has dwindled os a bnrinesa until the Mi^ssippi 
River it^lf—a stream unequalled in poaaibilities—now flows idly 
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to tho Golf with only a fimall fmctJon of its former tmffic- A marked 
dimlnudon in appropriatiotis for all rirerR in this vaUev may be 
expwted in tha nest few yc^xs. -.yready signs are pointing to a 
tnore careful scriitiny of all work proposed in this region and to 
0 closer study into this probable benefit to the coumtry as a whole 
of the large expenditures now being made annually. 

Thirds it is gratifying to note the healthy growth in the commerce 
of many of those coastal rivers whkk flow into seaports and enable 
deep-draft vi^ls to reach inierior cities from the sea. Coal is an 
important item of their cargt>es^ and the lowering of the cost of 
this commodity is widespread in henefit. This charflct4u* of channel 
ilevelopmcnt may bo expected to eontinuo to increase in capacity as 
long as ati increase in tniflic and saving in cost of feran-sportation can 
be idmwn. Here^tooj it seems probable that new work will more than 
ever need to have coneluflive reusons given for its adoption by the 
Government t^fore it can be iindcrtAkew. 

Fourth, tlie success in the applicatioii of the le^ns learned by 
esperience in the jetty system of deepening the entrances to rivers 
from the sea has been very satisfactory. The Columbia River^ the 
hlississippi Elver, and the St. Johns River are all exmnplcs of diffi¬ 
cult kinds of engineering in which Anaericans have been pioneers, 
und the results are exceptionally ^tkfactory. Xowherc in the world 
have such daring attempts been made^ and nowhere have results been 
more efiactive. The great perfection of the suction dredge has sti 
reduced the cost of channel excavation that now new diatinda are 
being deepened that before were too expenrive and hazardous for 
even a conclnsive trials os in the case of the Atnbroaa Channel en¬ 
trance to New York Harbor. Tliis method of deepening, so useful 
in interior channclijj has also been widely adopted m an nuxiliaty 
to j^tty work, and is now geiicrally rccoignized os n necessary aid in 
b:ir improvement* Although dredging in soma harbori^^ rs § at the 
month of the Colnmbin. has not demonstrated its value in this place^ 
still the resiulm at Galveston, Misrissippi Riviu*, St Johns River, and 
New York, and nearly all ports on the Atlantic and Gulf coastSs have 
l*eeu conclusive. 

T'ifth, tho recent, but iiov?^hele^ desirable, combination of sev¬ 
eral governmental activities in river work nnder a single head haa 
been again reengaized in tlie Sacramento River. For some years 
the control of floods on the IH^issippi by levees has been carried 
on by a cooperation of the State and Federal fon^, under a tacit 
agreement never specifically stated in the law. On the Sacramento 
we now find redamation of flooded areas^ control of flooded deepen¬ 
ing of channels for navigation, and the exclurion of mining debris 
all ineludiH! ondjer the Federal management by law. In this work 
the State nsaists by paying one-half of the expense, by donating the 
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land needifd for and by taking oircr the work and malniaiii- 

ing it after completion. The slmre tlmt the locality should pay 
toward a project of thb character mu^ depend mainly oq the 
distribution of the benefit, and is debatable: but that the escention of 
such wort should be handled as a singlo unit by the Government 
seems beyond argument- It is gratUy^ing to note the acceptance of 
this principle. 

Sixth, there is a recent and growing tendency to oonsen-e the 
energy of oitr navigable rivers by private enterpriao in order to de¬ 
velop the deetrie power now being wasted. This requires a cooper¬ 
ation betw^K^n the Government on the one hand and the private inter' 
ests which build the necessary plant on the other. It is seldom that 
a dnin for tlio ereation of electric power is just what the needs of 
nuvlgtiticn require, so there must be some adjustment or balance 
betw’een the private and public requirenientsL Osuayy the company 
builds the dam at its own expense, and sametimes the lock in 
addition^ and is often restricted ns to the height of dnm and location^ 
The present power dam in the Misrisetppi Kiver at Keokuk h com¬ 
pleted ; that at Hnles Bar in the Tennessee is nearly finislied; and two 
are imder oon^metion, one on the Warrior and one on the Coosa 
Biver in northern Alabama, It is too soon to say whether these veil- 
tiires will prove to 1^ commercial successesL It is encouraging to find 
that some reasonable basis can be found on which the power of a 
navigable stream can bo conserved whenever it has a commercial 
value. 

Seventh, the deepening of the channel of the Providence River, 
which has recently been made contingent on the construction by the 
citv of Providence and the State of Rhode Island of public port and 
tcrtuinal fscilitics at their own expense^ illuiitrateii a comparatively 
neAv and very itnportnjit tendency- It is more than ever expected of 
bte that the localities benefited by Govemment projects will diare in 
the expend of the work as well as in the bene^ Portland, OrBg.| 
has undertaken to maintnin at its own expense the upper part of the 
charniel from Portland to the sea* The jetties at Siuslaw River 
mouth, in Oregon, wil] be paid for largely by the locality. The Sac¬ 
ramento River improvement is to be one-half paid for by the State 
of California, and other assistanco is to be reudered, A public wharf 
wag required to be donated by the town of Burnside on the upper 
Cumberland River before Lock 21 would be completed. Many other 
in^ances might be stated* so that this principle of the localities shar¬ 
ing in the expense of river work is now well establi^edp In this 
way the eame^ncss of the communities urging Government work 
can be ea^ly tested, and the public oftentimes aBsured that the chan¬ 
nels when completed are not to be the aoerces of undue profit to 
the privote owners of the only easily accessible landings. 
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Culled States NntiaDal Waterwiiys CommlBBlon t02d Oong^ 2d acne., S. Hoc. 
3251. 

Culled ^tjd«a Kutlooal WiElerwajs CiomnilBslun (a2d Cong., 2d Doc 

400). 

UnlLwl Stntea Burean of CorpoTBilniiap 19D0. Purta 1 and II, 

" Water TraoBooftnCon; Its EcocmtidIc Importation*^ F. M. DLxoa, 1905 (Omclal 
ProceeOlnga, St. Louis Railway Cluh). 
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THEODORE NICHOLAS GHX.^ 


Bjr H!m.gT Dixj- 


:witli 1 pintej 

Dr. Tiieodore Nicholas GUJ was born on Broadway^ New York 
City, below the city hall, Mureh 21, 183T, Htid. died at Washington, 
D. C., September 25, i0l4. Hie was the son of James Darrell and 
Elizabeth Vosbiirgh Gill- The fatlier wiis the son of a merchant 
of St. JobiiB, NewfoundUnnil, descended from an old Devonshire 
family. Tlie mother catue of old New York Dutch stock- 

A few years later the family moved to 154 Grand Street, on, the 
border of the city, which was then alnuj^ tlie conn try, with open 
helds, trees, and groves in plain view. The city of New' York had 
at that time only some 300,000 population. 

The boy received the rudimenta of education from his mother, and 
at the age of 8 was sent tu tlie Medianics* Grammar School on 
Crosby Street, then a highly et^cemed educatiotial establishment. 

A year later his mother died, the father gave up housekeeping, and 
his son was placed in charge of a private tutor at Greenville, N. Y. 
Here !te received a very thorough training in Latin and Greek, the 
father ha ting ambitions that the son should eventually become a 
clergyman. 

Later his father married again and resumed houEekeeping on 
West Twenty-sixth Street near Sixth Avenue, and still later moved 
to Brooklyn. Young Gill was then recalled from Greenville and 
sent to a private ciaBsical school in the city. 

His love of nature and instinct for collecting developed early, and 
it is perhaps not merely n coincidence that, in coniiag hy tlie ferry 
from Brooklyn and daily passing the great Fulton fish market, his 
attention should have been especially drawn to the study of the 
fishes of New York. 

Ab young GiU arrived at the age when it seemed necessary to 
decide on a piofessian, it became evident to him that he had no taste 
for theological studies. After due deliberation he decided to study 
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law aod entered tlie oflico of S. W* and H, A» Gaines, a well-kno^^ 
law firm of that period. The latter partner had married n sister of 
James Darrel GUI, and was therefore a connection interested in 
Theodore’s) snneas in life. 

His extraordinary gift of memory doubtless enabled him to absorb 
the c^Bjitials of legal learning, but an orerpowwing tendency toward 
the study of nature greatly abridged his law studies and he never 
applied for admission to the bar. His visits to the fish market be¬ 
came more constant, while the adjacent water front sheltered sailing 
vessels from all quarters of tlie vvorld, where sallora wifb shells and 
curios were daily to be encountered- His grandfather’s family being 
residents of Newfoundland, where tlie fisheries were of the first ini* 
porta [ire, he kept himself informed through everything he could 
reach of mutters relating to the subjet;t. 

Tlie pursuit of scientific studies at that period and for a long time 
afterwards offered no prosi>«t of a self-supporting career. Though 
there are no data on record it is reasonably certnLn that Gill’s family 
must have looked with doubt, if not absolute disapproval, on Ids de¬ 
votion to studies which did not promise even a bare living. At all 
events with a young family from his second marriage to bring up 
and educate Giirs father was not in a position to anpport him in an 
unproductive profession. 

He WAS therefore soon left dependent on his own resources, which 
for years were barely sufficient to maintain his existence. 

According to Dr, Gill himself we find him about this time seeking 
and obtaining from the Wagner Free Institute of Science in Plula- 
dclplua a sdiolarehip whidi yielded him the meager means of pur¬ 
suing hifi studies in natural history and thus coming in contact with 
a group of men who helped to lay the foundations of Americnn 
science. This grant, he stated to a friend some time before Ids death, 
was the deciding factor in hb resolve to devote himself to scientific 

studiciiL . - - 

He became acquainted with most of those who at that time in 
New York were interested in natumiL history, especially 3. Carson 
Brevoort, wliose sioologieal librnry w-iifi then reputed to be the best 
in the United States, and D. Jackson Stewart, a wealthy amateur, 
whoee great collection of shells haa finally found a resting place in 
the American iluscum of Natural ^Histoiy, 

About thb time Dr. William Stimpaon, the distinguished student 
of invertebrate zoology, while in New York heard amuring refer¬ 
ences to a young student of law who kept a horte’s skuil under his 
desk at the office where he was ^udying. Tnvestignting this pbe- 
nomenoo further, he made Gill’s Bcquaintance. Partly as a result of 
Stimpson's report to Prof. Sjwncer F. Baird of the Smithsonian. In- 
Btitution, the latter, always intererted in young students of nature, 
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entered into correspondence with GUI wtd promoted his studies. A 
report on the fishes of !^ew York which Gill hnd in prepnnition -wns 
jiecopted for publicntion in the annuLvI report of the Sraithsonitm In- 
rtiiution when its author was only 10 vsBrs old, 

Mr - D. Jackson Stewart in the interest of bis eoUection financed 
aft eipcdition to the ’West Ijjdies and in December, 185T, GLU made 
hia first viait to Washington and to the Smithsonian better to pre¬ 
pare himself for the undertaking. Hero h« made the personal at- 
c|uaintance of Profs. Hiinryj Haird, and othera whom he had known 
previously only by correspottdeacc. 

Gill sailed in January, 1S5B, on a large schooner, with a pleasant 
group of passengers. 

lie TiiBitatl several of the Antilles, and espcciallj' Barbados and 
Triftidnd, where he spent some weeks, being cordially assisted by 
many of the residents. Finding the marine fialies much the same at 
uU the islandji visited, he confined liis attention especially lo the 
ptecuUar fresh-water fij^es of Trinidad with very aatiafactory resulta. 
After his return he devoted hiimielf to working up this ooUectiom 
IIo tt'eiit to Waslilngton in August, ISoB, fut this pnrpoec, and stayed 
for several months with Stimpson. Ho also spent much time in Pldln- 
delpbia, and his report with several subsequent papers was published 
in the AnnB ls of the Jfew York Lyceum of Natural History, the 
predecessor of the present New York Academy of Sciences. 

In IS50 the death of his grandfather in Newfoundland made neces¬ 
sary a visit to tliat country in connection with tlie BPttlcment of the 
estate. Gill improved the opportunity by studying the fauna of 
that remote region. 

On his return, through Prof. Baird’s intervenGon, he obtained an 
appointment wiGi a group of workers to whom was asagned the task 
of reporting on the collections made during the Northwest Boundary 
Survey under jlticlubald Campbell. Among these were (ieorge ilihba, 
the ethnolugist, I'rof. William Turner, Dr. Stimpson, and Dr. George 
Suckley. Dr, Caleb Kenncrly, the aoologist of the expedition, had 
died at sea oft his way home from the Pacific coasL 
During this period CSUl lived at the Rugby liouse (now the Ham¬ 
ilton House), where he did a targe part of his work. Lnfortunstely, 
owing to the breaking out of the Civil War, the rafm^ on the work 
of the comiiiisaioii were left mostly impublisbedi Gill s among them, 
tliougb some of bis preiuninary datii appeared in the Proceedings of 
the Academy of Nutuml Sciences at Philadelphia, 

Among tiitiso who were working at the Smithsonian in 1861 were 
F. B. Jleek, the paleontologist; Thomas Egleston, afterwards pro- 
Eeissor of mineralogy in Columbia University; Dr. F. Y. Hayden, the 
geologist; Robert Keimicott, the c.vplorer; Pref. Matile. one of 
Agassiz’s Swiss coadjutors in physics end at that time an assistant 
73B30’—SM IDIO—-S3S 
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of Prof. Henry; Dr. William Stirapson, who was working on the 
invertebruta of tlie North Pacific Eiploring Expedition under Eing* 
gold and Bodgers; and August Schonbom, artist, wlio made most 
1 ‘sqiiisite silver’-point drawings of Stimpaon^s North Pacific Crus¬ 
tacea && 

These formed an informal association known as the Megatherium 
dub, whose members took meals together and forcgathei'ed with 
Stimpson and Keonicott for joyous evenings, Tire constant Buctua- 
tion in attendance, due to the coming and going between Washington 
and the fields of exploration in the West, tended toward disintegra¬ 
tion, and the dub virtually dissolved in a few years; 

At the inritalion of Prof. Henry, Gill came to the Institution in 
1861, and during the following winter was appointed to the charge 
of its great scientific library, wliich had been collected and organised 
bv that eminently capable librarian, Prof, C, C* dewett. This post 
he held until 1866, when, at the instance of Prof. Henry, the Sniith- 
sooian books were depoated os a special collection in the Library 
of Congress. Gill went with the books to the Capitol as Assistant 
Librarian of Congress, and finally became senior assistant, retaining 
that post until 1874. All this time he had retained hia quarters in 
the Smithsonian bnildlng, to which he hastened as tto<m as the usual 
olfico boiirs in the library were over. There most of his s:ientific 
work was done in the midst of an accumulation of books, pamphlets, 
unfini^cd manuscript, and dGculB of various kinds, piled on shelves, 
desk, and floor in a manner to strike terror to any housewife. How¬ 
ever, old James Gant, the colored dignita47 who “looked after the 
young gentlemen*’ and prided himself on having been body servant 
to a former President of the United States, waa very willing to 
obey the injunction that nothing should be touched, and the acciimu* 
lations continued for many yeara 
Finally, when the biological eolJeetionB were transferred with their 
curators to the new National Museum building In 1906, and the room 
occupied by Gill formed one of those assigned to the stag of the 
Bureau of Ethnology, the professor was obliged to move to other 
quarters. He regarded the ancient heaps with dismay, and relieved 
himself of re^nsibility by presenting them, with all their contents, 
to the library of the Smithsonian Institution, 

The earlier publications of Gill appeareil in the annals of the New 
York Lyceum of Natural History, of which ho becamo a member in 
1858, in November, I860, ho was elected a correspondent of the 
Academy of Natural Staeneca of Philadelphia, and for eeveial years 
bis papers, appearing in rapid succession, formed a large part of the 
academy's volumes of proceedings. With the establishment of the 
Amcneao iToumal of Conchology in 1865, and of the American 
Naturalist two years later, an oppoTtnnity was utilized for printing 
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various coiumvinJrotiotis on mollusks Biid nuscpUsneous subjects. 
After the starting by Prof. Baird, in 1873, of the series knomi 
ns the Proceedings of the United States National Museum, most of 
Oiirs papers n crc printed there, in the Sinithsonian Miscellaneous 
(.'ollections, or in the anntial rei>ort of the institution. 

When the I’nitcd States Fish Commission began its work under 
the direction of Prof. Boird he gathered alwut liim a number of 
speciiitista who -viorked up the collections, and to Prof. Gill naturally 
foil a large part of the taxonomic work on the fishea. Hence the 
annual reports of the commi^ioner contain numerous contributions 
from his pen. He was also associated with Prof, Baird in the 
preparation of tho lattcra “Annual Record of Science and Industry,*’ 
puhlislred by the Harpers and its subsequent etiiiivalent wldcb for 
same years appeared in the annual reports of the Smithsonian Insti- 
tiition, beginning after the appointment of Prof. Baird as secre¬ 
tary, in 1678, 

Most of the zoolt^ical data of Johnson’s Cyclopedia and the 
aoologtctil definitions of the Century and Standard dictionaries were 
furnished by GiU, thoogli Dr. Elliott Coues acted as Buporrising 
editor. 

In 18&S Gill acquired a small omitholofical magazine called the 
Osprey and for a time associated Cones with him as editor, but tho 
arran^mimt did not work well and Cones was obliged to withdraw. 
In 1899 GiU took entire control and with a brilliant coterie of as¬ 
sistant editors carried the periodical on for several years, during 
which he frequently contributed to its columns. 

Tils contributions to the Inbors of the committee on nomenclaturo 
of the American Ornithological Union were cordially aclmowledgt^d 
l»y them, and his inHuctirc in standardizing zoological nomenclature 
in general has been very great, though in the moin indireotty exer¬ 
cised. 

Any classification of a large grntip of animals becomes obsolete 
with the increase of authentic data and the general progress of 
science; but that grasp of the subject W’hich Uicludea the best ideas 
of the current period and is joined with the capacity to weld them 
into a well-balanced scheme of classification is rare. Tt was pos¬ 
sessed by Dr. Gill in on eminent degree- In fact, we shall hardly 
exceed the bounds of certitude if we cal! Dr, Gill the most eminent 
American taxonomist. 

IDs papers were rarely long. He seemed to prefer to take up smnll 
groups, such as families and genera, and work out their relations. 
No great monograph exists among his publications. Their total 
maiss, however, is very great, and their influence, esxmcially on the 
classification of fishes, has been profound, 
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His r^ifldonE natnrAlly JXiet with criticism frotn those long familior 
with the ciEisting onicr. In a majority of cashes he lived to see his^ 
views accepted by atithorities on fishes^ His ideas on Avian clR^ri- 
cation are ijnite different from those genetpilly accepted, es^btUy 
in regard to the relative taxonomic value of chantetev?, hut it is by 
no means cert^iin that the viewis of future omit hoi ogists wdll not 
much more clo&ely approximate to those of GiU. 

Ilis work on moUiist^a, excepting tho general classification em- 
bndied in the “ Arraugcineiit of the families of nioHtisks^ chiefly 
of the nature of revisions of particular families or geitei'a. Tho 
'VAtTungcment of familiesbrought togell^r tlie most complete 
knowledge existing at die time of the relations of tlie different groups 
nf tnollusks; but the subseciuenfc advance of science in tluit respect 
hasi been relfttlvdy much (pwuter than in mammals or fidies, and 
Oiirs arrangement has at present chiefly an historical value. 

Of the arrangement of the families of fishes and niammids others 
ran speiik with an authority denied to the present writer, but the 
impression left after conversation with experts is confirmatory of 
their exceptional valiie« 

The present Commissioner of Fisheries has had the kindness to 
furnish for this memoir the followLng estimate of Br. Giirs work on 
fishes: 

Dr. QMVs chief coatrlbutlDas to lehthyologr were hla taxonomic pfipera lo 
hifl tnsoaoinyp wlilcli was supported by tiLs osteolggScal rcsenrelir ho luui 

no caoal awoDg Ma conlemtwj paries to Anicrlca or abroacL His papers fpl^rtaeut 
a very tanje aajoant af imiaslJilting Invest!patlan of a chanteter for whLcli he 
wna iwp«?clftUy well fitted and for which few itctlve workers have tho tinfp, tha 
htnesa, or the laellniitioii. HIr coaelnslona have hwn very Ri-oemny neevpted 
but\ fomi Ltie tnuiLH for our pretjiait cTasslhciitloii of ftwlies. Wh\X\f: for y*?ffcra 
i:unFr»t>an tchthyolctgbaii dpwgreed with his views, his pa stern has flnjilly hMi 
pnictlniny sU the Bctlvc mm at the pruaeat rime, ^■ext to hla 
in^nnotnie eontrlhotloas rank Ule papers on the straeture and halUt# of fishes. 
nSs papora on tho Ufo Mptnrl^^s of fishes alao are unicwnrthy, their chief tilIhs 
I seinp: Ih the osafttfiblln^r ami wclghlajs of KUttored otwervntlorug and Iheir pres- 
enlatlna In form that m exectNUnj^ly helpful to oil workers la this field- 

His ItTiewliHlgn of the bloliJKtriil Utomtnre of all countries aud all times was 
nnmelnR aiw! profound Jo fstlmatlnif his lafluenre on sclenw, full cosmisunre 
^ould he elves to the rendlncKs with which ho plaeoi this kn^wu^ilae^ together 
with hla time stwl taleutH. at tha dlspmil of evorjone; uad to the ptFriuunoai 
^aluc of Ihe eucoamKi'JiJenl ho wjis ever most anxloim ti> to all thaf^H who 
weni fortunate enoagh to he brought In contact with Mniu 

In noticing th* death of Prof- Gill in the Annual PeiKiii of tbei 
IT. S. KiUiotial Museum for the year ending Jnne 30, 1915, Mr. 
Richard Ratbbun, Assaatant Secretary in charge of the Museum, thus 
expresses him^lf in regard to bis colkagtie and collmbonitor: 

llfltvly doci? one filhd afli In the prcstmi laalnneeb th^ ment? or ]Ds?a actriileataS 
tarly phaaes Jn the gropl^»e ^ can^r ix»Q?erge In wnch n manner ns lo at 
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iince NKomc nwfnl Jina D«?e9iHU^“* Dr. Glll'i iralulo^ Wfls ft most fk.rtn^ 
nntc om. for tbo pplemlld ftcbooUw of bUa gftVfi liifti ft oomplcto 

rn[uni(irlty wSth Grv'oit ft ml iJitm, ftml bis logid knowledir^ ^xnoblned tLe 
former^ rendored him ft Jadgie wliere rutetfclona of ftoiaeocUittire wejro InvolvecL 
His 9 ul»$eqtiftiit nijrarj^ tfftlidnj? brought him Jn contart with the world'H lltmi- 
lure, ftod itlm, yokt^l with LndMry rtntl ft phcoom^Oiil wmilo 

Mm the nckiiowtGdjietl tmuster Lo his cIkw^ Held* It also produced a linariiltli 
af iliat readereil him d fauhtnla of luforiimMoa muIk m aome* one 

bts stated, " With the Htolpllcity of the Lraty treat ftml the truly able ha paTe 

freely of bis Htorei of kuo^.4ledeiB^ so that to all the Inve^diaators who nime 
1ft contact wlUi him he proved an cver-Kfldy souree of oiuct and rellnble iftfc»r* 
^ufttJaa iirwl ft sound udvlser," It ta eaitalD there are few workers In ftystteiuaik- 
blolosy In Wnablfteton and many other places why have not ret^lved p.'tisiaiftftcii 
from Dr,^ GitL 

Very sooD after his arrival m WmsJiington, Gill boejtt^c a^soeiated 
with Columbian College, afterwards Columbian Univ^itT, iiml atill 
later reincoixiorated under the name of George Washington Univer¬ 
sity. In ISOO he was luadfi adjunct professor of physics ami nutuml 
history'; from 1804 to ISOO and 1873 to 1884, lecturer on natural 

Listoiy'; from 1884 to 1910, professor of zoology, and for the re¬ 

mainder of his life professor emeritua. The university*, in apprecia¬ 
tion of his raurits, conferred upon kirn In 1865 the degree of master 
of arts; in 1860 an honorary doctorate of luedicine; in 16(0 the doc¬ 
torate of philosophy; and in 1896 that of laws. 

Dr, Gill was naturoily elected to membership of many scientiiii^ 
societies, both at homo and abroad. He became a member of the 
American Association fur the Advancement of Science in 1883, and 
a fellow in 1ST4, In 1896 ho was elected vice president of Section K, 
zoology, and upon the death of Prof. E, D. Cope, the president elect, 
he succeeded to the presidency of the association at the meeting lield 
in 1B97 at Detroit 

He was elected a member of the National Academy of Sneneea 
in 1673, and represented the academy at the Boston meet mg of the 
Ictemational Zoological Congress in 1898 and at the celebration 
of the 450th anni verity of the foundation of the Uni verity of 
Glasgow, Scotland, in 1901. He was a member of the American 
Philosophical Society, of the Philosophical Society of Washington, 
the Biological Society, e founder of the Cosmos Club of that city, 
a foreign member of the Zoological Society of London, and of some 
TO other societies and scientific bodies. 

As a young man, Gill was slender and rather delicate in appear¬ 
ance, with black hair, dark eyes, and a somewhat brunette com¬ 
plex ion. His relatives by his father’s second marriage seem to have 
partaken of ft constitutional delicocy, as death removed many of 
them at e comparatively early age. I have referred to the fact that 
in his early manhood Gill was competlod to extreme frugality by an 
insufficient income. It was only in middle age that by Inheritance 
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and some fortunate inTcstmenta ho reached what are generally 
tunned "'Ob^ oircumstances,^ The hardships of these early years 
left their impreEsitMi on liis habits;, to some of ishicb he clung with 
ntnuaiug pertinacity long after they seemed to his friends and rela¬ 
tives uncalletl for- He was fond of social luteroour^ with intelli¬ 
gent people and seemed to enjoy ladies’ society, but never married. 

After his youthful eifaHJition to the West Indiee he traveled little, 
and his only visit abroad was to the anoiversary Ciskhration of the 
foundation of Gla^w riiivcraity, in 1901. He found his recrea¬ 
tion chiefly in boobs, eonversation with kindred spirits, ond at the 
inecLing!} of the Literary Society. 

An occurrence which gave great pleiLvure both to hhn and his 
friends was a subscription banquet tendered him at the Cosmos Club, 
December 13, 1912, on tlie completion of the seventy-fifth year of his 
age and the fifty-sixth year of publication of his coutributions to 
knowledge. 

On this ocension hU many friendg improved the opportunity of 
expressing their estimation of hb merits as a man and a scholar and 
their gratitude for his many kindnesssos in granting to any inquirer 
the benefit of his encyclopedic know-ledge and phenomenal memory. 

A paraJv'tic stroke three or four years before liis death perma¬ 
nently enfeebled him and liis remaining days were qniet and nn- 
eventfuj, 

In September, 1014, he virited his brother, Herbert A. Gili, in the 
lovely suburiks of Washington and u few days later was confined to 
his bed. On the morning of the 25th he wag apparently mentally 
clear as usual and inquired alx>ui the news, but before noon he passed 
away suddenly. The interment took place at Oak Hill Cemetery, 

I have to acknowledge my indebtednesa to Dr, H, M, Smith,* Mr. 
Herbert A. Gill, hfr. Richarid Hatbbun, Dr. Marcus Benjamin, Prof. 
G. H, Eigunmann, and Dr. T. S. Palmer for data furnished by them, 
either in print or otherwise, and of which 1 have freely availed 
myself in the preparation of this memoir. 
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By Ijl BoUTflKtr 

Mi^mbcr €»/ fAi! ImHtutef FrofcKicr at iha Mumim 0/ Natural IlUtorjf^ Parii. 


Fftbre, the hermit of SerignaHj called "'the miimtable observer by 
Darwin^ and by Victor Hugo “the Homer of insecte/^ reachud the 
age of 92 years in the radJanco of an unsought fame that ro^ spon- 
tmieoualy from his work He died where he had dwelt for a full half 
oetituryi and hb last gaze haa fellen on the foliage of that liencofoith 
oelebretcd spot, the rustic home of bis quiet happmeag, the peaceful 
theater of his wonderfii] researches^ Like his life^ the dying rege- 
tadon of the held bunds forth into glorious colors before entering 
into ; like his work it will not cease; to Iw rigorous and to produce 
the richest bloom* 

The origin of Fabre, however, was very humble and hie youtii bceet 
with obstacles. Sprung from poor parents who had kept a modest 
market at Saint-Uons in the Rouergue Mountain, he at onoe was the 
toy of paternal vicis^tudes that led him iilmosi evoi^where in the 
Midi and finally to tlic Vandusien country, which became his adopted 
home. This wandering life was not at all suited to etudy. Tt pre¬ 
vented hifl remaining at the College of Hhodez, where he paid for tui¬ 
tion by rendering certain servicee and was thus compeUed to educate 
himself. He first entered the Kormal School of Avignon. This was 
merely the starting point, not the goal where he found his special 
calling. a primary instructor at the College of Carpentras, os 
professor at the Lyeee of Ajaccio, and finally at tlie Lycfe of Avignon 
ho explored with an insatiable ardor every branch of human thought. 
Ha scNin became familiar v-utli the ancieni languages, and mathcK 
matkal and physical sciences divulged their secrets to him. He re¬ 
ceived diploma after diploma, and became the doctor of aclencoB, 
laureate of the institute. He was a wonderful teacher* Students 
were .^paUbound by hb words, and he attained unparalleled succe^ m 
the free courses of secondary itiFtruction cgtablishod by hitn for the 
young girls at Avignon. But he was considered a peculiar person, 
wrapped up in his own researchcia, and, despite his success, his 
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diplomnSf and his earfj acliievensentss^ and despite the favor of Minis¬ 
ter Duruv, who decorated him and sought to make hun a preceptor 
of Llio Imperial Prince, he abandoned his nlnm mater and retired to 
Orange, thou to Serigmm, Ho must be independent, for of^cial reg¬ 
ulations were displeasing to bis unrestrained rnitiire: he needed the 
open air of the country, for his first researches iiad inilained him and 
kindled a desire to catch the mysteries of life in their actual nn* 
folding. 

He was novr free^ but without means, and the 6si>eiises of hia 
family were heavy- How then* could he supply the needs of his 
nct^lings^ This he did by cea^Icss toil and an Inimitahle taknt; 
tho day was given to researcheg, the twilight and the nigiit to works 
of instruction, Thotigii he broke tlie chains that belonged to the 
professorship he still reniBined an apt tertcher, delightfully enter¬ 
taining, and so he continued to the end of his day^ teaching only 
through his writiiigp^ Tn tliis way thei^e appeared ono after another 
liumy popular and instritctive works which have been the charm of 
scholars since about 1870; aoch worSss as ^ Havageurs des Cultures,” 

Auxiliaires,” ^ Cosmographie/* Physique,'^ ^Chimic,’^ and tnuny 
other publications where the iiuthor made it a pleasure to render 
the mo^l abstract ^ientific questions plain aud attractivew Onder 
tlie impetus given by Dumy, these book^ ivere introduced through^ 
out the scliouls, and such were their rharms that they instructed 
parents as well as pupila But, apart from some didactic treatises, 
these smaller works w'ere intended more to arouse interest and to 
attract toward science, tlian to lead to a diplonm. They were aban^ 
doned by the schools for tJie ntuligBsted manuala that are laid aside 
with pleasure after one esaniimtion. and to the great detriment of 
true culture cKir students no longer use them. Thanks to our 
teachers they have been in some measure reintroduced, so that they at 
least find a place in the agricultural and school librarice- 

That talent of explaining, that wonderful clearness, that power 
of arousing enthusiaatn, were qualities which belonged to himself, 
and were part of his vorj^ nature. They are ^own in the scientific 
works to which he owes the best of his reputation, but here combined 
with other qualitiea more striking srtill, a rich vocabulary and a 
qsedal ^ft of imparting life to die subjects concerning which he 
wrote. He devoted his whole soul to hh taskt and with a passion 
that very quickly became conmiunicative^ Hjs favorites were inaects, 
those strange umjnals with peculiar habits. He lovtsci them from his 
earliest boyhood, and had always burned with the desire to scrutinize 
the mysterica of their exiatenoe. Once engrossed in the fascinating 
subject, he was not contented to scientifically describe liia heroes,, 
but he made theui alive to our gaze, in their native environment 
Itaurico Maeterlink said of him, ^^llc is one of the most leai-ned 
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naturalists^ and the most marv^elous of poets in the modem and 
really legitiniate sense of tbe word-^ 

A pewt he wnA in his “SoiivenLra entomoIogit|nes,*^ as also in the 
oda on Nonibm which resembles Victor Ungn, and m his volume 
of provinciiit chants (Oubreto prouvencftlo) which brings Mistnil 
to mincL But wc must leum a domain where llaetcrlink has the 
right to be judge, and study the ^Souvenirs entoniologiques” the 
better to know Uie scientific work of Fabrc* Tlih? work begins 
with a rescartrh on, the reproductive organa of the Myriaiwls, a 
doctoral thesis not devoid of gootl points^ but which docs not indi¬ 
cate the dilution in whicli the lUithor should turn to find success 
Htid fame, Fsbre was no more an anatomist than a system at ist^ 
He studied actual life and tJie dissecting scalpel as well as the 
cntoniologjcnl pin aroused deep horror for those all ended in death, 
The meri'ly dimice reading of a memoir by l^^on Du four showed 
him “some horizons not yet suspected and he started in the fur¬ 
row ^hvhich proved to be his calling/^ This memoir treats of n preda- 
lory w'asp of the genus Cefceris, which captures exclusively the 
Bupresris beetles and piles them up for its lairte in a cell dug m the 
ground. The beetles first are inert and Du four considered thepa as 
dead^ but for many weeks they retain all their fre^dmess and to 
expbiin this astunfehing mystery the aged entoraologisL of Landes 
supposed that in killing them, the Cerceris inoculated them with its 
venom as an antiseptic to prevent decay* This hypothesis is uot at 
all incrediblet but Fabre always had » lunging for the ejtact truth 
and he wanted to know all the details of the drama. As tliU speciesj 
f Wdrfjt buyre^tkida^ is rare in Provence he studiei! a hunter of 
weevils, Cerceri^ tuiert^aia^ abounding in the vicinity of his home- 
Multiplying observ'ations and originating some ingimious experi- 
nientSr he came to a conclusion which disproved DufouFs hyiKrthesis. 
The prey of the Cercem are not dead | the w^osp has struck them in 
the.nerve centers wdth its sting and mad© them motionless by ita 
vetioniOTis prick f rendered almost lifeless they will be defenseless 
and always fresli victims for the gluttonous lan'ce of tJie Cercerifl^ 
This work inaiigtimted the series of entomological r^ardies by the 
author* Its inherit value is very great, but its superior merit is 
that of introducing the experimental methcKl into the study of the 
habits of in.sects, a method almost entirely neglected by Reaumur 
and by the Hubers, This method became particularly advantageous 
in tho ingenious hands of the eager investigator who was the leader 
in it. It chametoriEed all hia entomological works and constituted 
one of his principal titles to tho gratitude of learned men- It is 
recognize*] today in its full value thmughout Franc© and America 
where it is practiced by uumcrtius biologists* The mstitut© recog- 
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nized tliJ3 new puJ>litafcioii by awarding to tha memoir on tb& Cencorig 
a prisEe in eiperimental physiology* 

One of the best examples of the appLleatiori of the experimental 
method to the biology of uosects ie presented by Fahiie^s n^arche^ on 
the laying of eggs by the s|>ecie^ The gi'eater part of these 

solitary bees build their cells in eavitiias whore most eoavanlentf in a 
Helix shelly old gallery of an AnUiopliotu, hollow stem of reeds or 
brambles^ etc. they lay their eggs in hollow tw igs the cells 

are arranged in serje% tlio largest at the bottom wltli ttie eggs first 
laid^ the last at tho topi newer and smaller in si^e. Xuw' those bom 
at the top are male^,, which emerge firsts and the large earlier cells in 
turn yield fcm ales* Can the bee have the instinct for placing in each 
cell an egg of a desired sesl Or, rather, will the sex of the egg be 
determined by the food of honey and of p<;ineri, which is Ic^ m the 
male than in the female cells 1 By some simple experiments and 
concliisiom reached in his meager laboratory, Fabro proved without 
contradiction tho truth of the second hypothesisr He placed tb^ eggs 
of Oamia in a reed, and at the hatching time bo intrcKluced tlie foods^ 
putting a large supply in the small cells and a small supply in the 
large cella. The result iivas always the same, except tliat tlie large 
cella yielded small females and the small cells, now well provisioned, 
gave large male& In a larger reed the Osmia hiull w ith more irregu¬ 
larity, but always placed a mole egg in the small cells, a female egg 
in the large cells; and if it wm compelled to divnde its layings among 
narrow shells where it was impossible to arrangia large cells, it laid 
oidy male eggs. From such u divided laying of 26 eggs Fabro ob¬ 
tained £5 males and only 1 female- Therefore tlie egg w'hich eomes 
from the ovaries does not deteimlne the sex; hut it acquinss its sex 
in traversing the geuitul pt3;ths, and tlie femAle possesses the instinct 
of placing in each cell an egg of the sex desired. It may be said that 
the Osuiia has knowledge of the sex of tlie egg that jt laya and that 
it con produce tliis sex at wlIL This is one of the most beautiful dis¬ 
coveries of Fab re anti is due entirely to the application of the experi¬ 
mental method* Without doubt tho refison for the phcnomenoji 
remainj^ unknown, and one is lost in hypotheses, to establish it; hut 
it is demanded that important works peuetmte the domain of the 
imknow'n until mystery totally disappears. 

To Hd-utinize and to follow in their enchantment the mysterious 
Lahils of insects, it does not sidfice to be an ingenioua experimenter- 
there must be a keen observation, a patience tliat can not be discour 
aged and an extraordinary intuitive power* Fabre had tliese qualU 
ties up to the point of genius and gave hrilliant proof of it in his 
studies on the bUstcr beetles of the genera Sitarls and Meloe, All 
that was known about the dovelapment of these insotres, the so-called 
lice of the solitary be®, for which the gimus TriiJnguliiiuB.iiad been 
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esUblished, was that U is the young larva of a blister beetle, but its 
ongin and destination wer« unJmown. Fabre threw full light on this 
probleui to the great surprise of biologists. The Sitaris are developed 
as parasites in the cells of Anthophore. They coma forth in summer, 
are paired and lay a great number of eggs which a month later yield 
very ective larra*, to -si'Kich has been giren the name of t riungulins. 
These larvtti pass the winter without food. Tu the spring they are 
attached to the hairs of the male Anthophore, then to the females, 
when the pairing is accomplished, and with these last enter into the 
cell of their hoet. Once established in this home, it devours the egg 
deposited by the bee on the cake of honey and pollen, moults, and 
romes forth in the form of a scaTctly niovenblo fut worm with very 
short feet. Instead of being camirerous like the iriunguliu, diia 
second form of larva ia nourished by the honey cake, prepared by 
the bee, dcroure the coke entirely, moults, tabes the form of an 
ulmofit footless psciido-chiysatis, and posses the winter buried in its 
eEuvia. In the spring, moulting agalD, and in a new form of larva 
the insect remains luotionleas, covered with two exuvite instead of 
one. At the opening of summar this third form of larva tra ns forma 
into on entirely characteristic chrysalis and this one yields the adult 
which throws off the two exuviol envelopes in order to leave the neat 
of the Anthopfaora. These oxtraordmary phenomena were consid¬ 
ered by Fabte as a hypermetarnorphosis, that is, a compUcatiou of 
normal development. It was not at all possible to characterire them 
otherwise at the time they were brought to light. Since then it has 
l>een possible to follow them among numcTous blister beeiles and to 
ei>t a blish their identity. The triungulin is evidently adopted to the 
hunt for the boat. As for the pseudo-chrysalis it is considered by 
Edmond Perrier as a larva which ia encysted at the time of high or 
low temperature to await n more propitious season. The Mcloe, 
studied likewise by Fabre, ia leas abnormal than the Sitaris. 

After all, larval polymorphism ia only one of numerous chnptera 
that Fabra has added to entotnolo^cel history, and in doing this he 
has helped to establish the extreme pliability of insects on their 
coming from the egg, which serves to explain the singular predomi¬ 
nance of these beings in the animal kingdom. The Leaco»^it ffigtu is 
n chalcidoid Hymenoptera whe^ larva) devour those of the nesting 
bees of the genus Chalicodoma. Sevortti females of Leucoapia are 
likely to ovipos.it in the soma cell of mortar which protects the future 
victim and ibia can suffice only for the nourisliment of a single para¬ 
site. If all the Lcucospis hatched, there would be famine. But poly- 
morphiam averts thi.** danger. The first form of larva that issues 
from the egg, is very alert and provided with long hairs thni measure 
the rell in every sense. The first hatched hastily destroys all the 
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oUier and &s tlik is accompIMi^d there emerges a Teroii- 

/dnu Inrva which “sits at the tableand sucks in Its victim by 
mouthfuls In another parasite of the Chaliccdonm, Mooodon- 
tomeius* this polymori^hism is useless, for the larvce are very small 
and a great number caa be tublcd around the njTnph that serves for 
their nourkhnjient^ On the other hand, poljmorphiEiu is necessary 
among the Diptem of the genus Anthrax:^ which is likewise pant^tio 
of the nesting bees. But here the primiiry larvse are not extermina* 
tors; hatched outaidG of the edl where the jtnthrox eggs are laid, 
their r5]e is to soften the walls of mortar j ! 5 o as to slip through the 
fisstores, which readily yield to their tenuous bodies and the long 
terminal hairs. 

The researches of Fdbre on the Coleoptera of oow-dimg show us 
habits still more diverse and perhaps more mtercsting. Each species 
has its sjieeial habitat and Fabre studied them in great numbers; 
the sitcrcil beetle (Ateuchus), Onthophogus, Copris, Onitis, etc^ 
Ol^en'atian is here particularly difhcult for these insects lay their 
vggs underground and it is at the bottom of obscure galleries ibat 
tlieir larvffi are found; but the ingenious biologist knew well how to 
overcome otlier obstacles. 

In this extensive scries of works there may be chosen aa an ex- 
umfde tha history of the sacretl beetle, At^uehu^ of wluch 

Fabre wrote the first chapter in the middle of the last century and 
the finct! chapter 50 years later. Since ancient times it has been 
known that this slngiilur insect made little balls of dung and rolled 
them into a burrow where St buried itself with them; and it was 
acknowledged that this ball served to nuurisb the adult as well as its 
offspring. But that is nothing; though the pill is suitabk for the 
parents, it m too coarse for the delicate intestine of the lame. For 
these last there must be a special dung, fine and wdl sorted, which 
the mother kneads into n fine pear-shaped core that will serve for a 
home and a covering for the future larva. Its wall is hard and the 
center soft, and the egg, resembling a great pearl of amber, is at¬ 
tached to the tip of the pear, lodged in a porous cell whore the air 
can easily enter. Her$ the young larva is hatched. It gets its notir- 
iahiuent from the unctuous matter, and in the hard shell it will trans¬ 
form into the chrysalis, then into the aduU. TEie wonderful chapters 
given to this history must be i-ead to understand the difficulties that 
the biologM bad to overcome and the rooted errors that he made 
to disappear. Among tliege last errors I will single out that which 
de^ril)^ these insecta as helpful beings always ready to offer a 
strong baud to an embarrafised confrere. ^Yhm a jeered beetle witli 
great effort rolls its round piU, another one very often comofi to its 
rescue; this was done, howeveri not in the least to tender aid, but 
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rather to profit hy an Absence that might permit the stealing of the 
precious burden. 

It ^'cnild take many pages to review the rcsolti of a work lasting 
without respite for tbree-qiiarters of a ccntviry. I have dwelt upon 
certain problems solved by Fabre to bring into relief the range of 
his rca:archca. To indicato the extent and the unusual character of 
this work I limit myaelf to certain of ilu many chapters^ such as the 
chapter oil the Lampyrids or glowworms, where we arc shown the 
labor of these insects whose larroe are nourished on live snails; the 
study of the Necrophorus that carry on the unheard-of tusk of bury¬ 
ing dead bodies in which they find their subsistence; and the chapters 
devoted to divert occupations of the weevils, the prickers of fruits, 
the cutters of young sproutfij the cigarmakers or rollei's of leayea^ 
Fabre n?voalcd to us Uio cruel affections of the IKlantids and the 
fascination llint these voraeioaa camivoreis practice on their victims; 
the egg laying of tlie enckete end the peculiar maneuvers employed 
by their young to make their exit from the hole of the egg| the 
L-overiug made by the Phrygauids and the Psychids; the long evolu¬ 
tion of the cicada in the ground; and die mechanioal wanderings of 
the marching caterpillarsL Better than ilcCook^ he has followed the 
murvelons work of the orb-weaving spiders and likewise, with 5Iog^ 
grid go, the tricks of My gale and the burrowing Ljeoisids, lie has 
given us an ufiparalleled description of the habits of the scorpions. 
WTint errors has he made to disappear! Tlie resemblance of the 
Volucella to tlte waeps or the bumblebees is now known not to be 
attributed to a defeusive mimicry, for these Diptera do not feed on 
parasites in the nests of their hosts, bnt are their destroyed. The 
almulatiou of death is a m>th among the spiders as well ns among 
the insects. Although these creatures seem to be lifeless when 
touched they do not adopt a defensive maneuver btit present all the 
characteristics of a catDleptio condition: thb is n new chapter added 
to the history of hypnosis, 

FftLre always showed a prcdiiection for the Hymcnoptcru which 
hunt and paraly?^ insects intended for foorl for their young; It h 
through the$e that he leads into the field where he became famous^ 
and it is to them that he frequently infers in the following studies. 
He haa reviewed nearly all of them and each one revived the ec^- 
cies he had experienced in studying the Cerceris; the Phil ant hus% 
hunters of bees: the Ammophila that store up caterpillars; the mud- 
daubers and the Pompilids that attack spiders; the liimters of plant 
licoj of grasshoppers, of ^fantids. of crickets, of flies, of beetles; all 
have eucci^ivdy been his favorites, all have hnoiight him like o.'i- 
tonisthmcnt This is perhaps the most captivating part of his work; it 
is oerta inly the niofit extensive and the most origi iml* Before his work 
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a^intoly porting wds suspected of these extraordinary customs. 
Since then it is acknowledged that Fabre has accorded to the wnspa 
UR intensive anatomical knowledge, althongh many of them stab at 
random, and certain ones ara limited to maiming their victim, Tlio 
fact of pricking the nerve centers baa practically been contested and 
the paraljdic effect attributed to poison much more than to th© prick. 
But tiiere are Rome defects here ns always when criticising researches 
of a wide range. After all, when Fahre^ work ia osnnTmod there is 
no trouble in seeing that none of these details had escaped him. ITo 
never disputed the paralytic action of the poison inoculated by the 
insect, and the wonderful researches by tlie Peckhams on the Pom- 
pilids, which hunt Lycosids; ha^ne clearly established tho fact that 
the thrusts of the sting given by tlie predateinaect produce two 
different kinds of paralysis, one functional, and often temporary, re¬ 
sulting from the action of the venom, the other structural and per¬ 
sistent, produced by the dart which more or le® injures the nervous 
centers. 

In phUofiophy Fabre was a realist, opposed to hypothesis, and con- 
sc{}uently little inclined toward comparative biO'logy, still less to 
pry into past times. “ Geological strata,” he said, “have conserved 
the forms, but they are mlent on the origin of instincts,'' He wps 
from that time an opponent of the theories of evolutionists, w-hicb 
he covered with his objections, even with jeera. Intense in his 
studies, he was not less so in his ideas; He was spirited in discus¬ 
sion as well as in his work. Ilis researches on hunting wagps gave 
to his mind the philosophic bent from which he never deviated, Tlie 
Tachjtes, which hunt Mantids, stabs at the right spot and renders 
helpless its formidably armed victim. It “ therefore knows where 
the nene centers of its prey are seated, or what is better it acts 
as though it knew. This knowledge, of which it is ignorant, has not 
been acquired by it and by its race through efforts improved from 
age to age and by habits transmitted from one generation to an* 
other. * • • The parulj'riiig power of the hfantids is more dan¬ 
gerous and does not allow a, half success; under penaltv of death 
the wasp must bo effective the first time. Ifoj the surgical art of 
the Tachytes is net an acquired trait. IMiemce, then, does it come, 
if not from tho universal knowledge on which all depends and all 
lives i" Fabro reaches the same conclusion for the brva- of the 
Scolifl, very skillful in eating Iha lama? of rose diafers (Cetoniidsl 
paralyzed for them, but incapable of thia act when tliey a™ offered 
ancitlier prey. He says that being in danger of death from a larva 
not paralyzed, they have not been able to progressively acquiio the 
liabit Their art of eating larvm of the rose-chafera manifested it 
«lf fully from the first. “But then, this is a a inborn instinct the 


LIFE A3rD WOKK OF FABaE—BotmEa, 596 

iiLEtmct that apprehends nothing and forgets nothings the instinct 
unalterable by time/^ 

Tn drawing his conclusiona this wnj Fabre was dominated by the 
pcnenil ru!o tmd did net note exceptions- In living nature the habits 
of insects are the results of a series of acts which are mecbanically 
linkedt and the deviations of the mcchanisin are much less strikiiig 
than thn tneehani&oi itself. Kot that the deviniions have escaped 
the notice of the obser%”er; be was far too wise not to perceive theniT 
and there wa& nti one more keenly interested in them than waa he; 
but he subordinated them to the genemL rule and did not give them 
tlic importanco that mofet zoologists have ^nce justly acconled to 
thent. In fact, though widely ditfering from Weisruannj he be¬ 
lieved, as ^Veismann did;, in the innate character of habits and agreed 
with him that halvite acqtdred in the course of the individual ex¬ 
istence are not hereditary. It should always be noted that Weis- 
nmn, the convinced evolutionist^ admits the changing of habits by 
germinal mutations while Fabre^ the enemy of hypotheses, shunned 
all explanation on this |ioint and, with respect to the origin of habitS| 
reverted to uni%"ersal knowledge on which nil depnends and all lives.’’ 
lie left the question open and would further say, like Montaigne; 
" I do not know.’’ 

Moreover, he was a man of great sincerity, and though ho severely 
criticized the idea of evolution, noicrtheless ho hrougltt out many 
facts that can be assigned their place to support that idea. Tho 
lorv'ie of hunting wasps would bo incapable of touching with¬ 
out danger a prey clifforent from tluit served to them, and Fabre 
observed that he could sueoessfully sm'O ‘''the larva? of the hairy 
Animophila with an adult black cricket, accepted, moreover^ a^ 
willingly ns its natural game, the caterpillar.’’ Ho did not bo- 
liovo at all in the indiWdual education of insects, and ho showed us 
tho triungulin of the Sitaria, at first seizing, like a hair of the bee, 
the slender straw* offered to it, then, acting from experience, ref using 
to accept this ruse. Upon these observations and many other similar 
ones ho founded his thesis. 

^ Pure instinct alone,” ho said, would leave tho iusect disarmed, 
in constant conflict with circumstances. * * * In this confused 
mcl6e, a guide is needed^ * • ♦ This guide the insecit certainly 
possesses in n marked degrecL Thm is the second domain of its 
l^sychological nature.^ Here it is conscious and perfects itself by 
experience* Not daring to call thin aptitude rudimentary intelli¬ 
gence, a name too broad for It, 1 slmll term it discernment.” Hero 
we are veir near the most modem ideas, and very far from tho 
Gennan mechanist school which regimla injects os simple reflex 
machines- 
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A step further ftnd wc cgme to pure Lnmarddsni, to the inheri¬ 
tance of hubitfl ucquijred by esperieHM. lAke many other predators, 
the yellow-winged Sphei hollows out its burrow before starting on 
the chssO] then returning with the prey, places it on the edge of liie 
hole to mitke a last risit to his domicile. If tlie prey be moved a 
little distance, the wasp on coming out of the hole, hunts it up, britiga 
it back to the edge of the hole and again begins a viat. This is 
the mechanism of instincL “One after another, ns many as forty 
times, 1 have repeated the same experiment on the same individuol, 
reports Fabro, “ and its perststentie was greater than my own, its 
tactics never varied.” But in a group studied the following year the 
Sphex were less stupid; after two or tlirec esperimentE they frus¬ 
trated the deceit and entered their home with tlie game. “ Wliat 
would yon say to this?” he demanded. “The tribe that I examine 
to-day, the Issue of another slock, for the offspring return to the liome 
selected by the prevbua generation, b more skillful than the tribe 
of last year. The knowledge of crafluiesa Is transmitted; some 
tribes are more skillful and some more stupid, apparently following 
the faculties of their fathers.” Here wo are well on the tlireshold 
of Lamarckism, for these better gifted individuals have leurued 
from. esiierienoB to bo on their guard against an accident which 
would not be nine under natural conditions. 

It seems now to be well established that tiic psychic evolution has 
been and is still effected in two ways: By j.hort jumps or mutations, 
and slowly, by esperience; heredity, in Loth cases, fixing the new 
habits which then take the automatic form of instincts. In spite of 
his ideas on unchangeable instinct Fabre has contributed more than 
any other man to making known the mechanism of the phenomena 
of evolution. Through the charm that he knew how to give to his 
obeervationa lie has raised up in all countries a Imst of eager investi¬ 
gators who ndmire him without ticlopling his belief. Through his 
exhaustive criticisms sustained by minutely controlled facta he kept 
evolutionists busy and bos prevented them from resting on tJie kurels 
of the great masters who ostnblishod the theory; finally by his works 
themsdvea he was one of the artisans who contributed the most to 
prove this Inst- 

Morc profound than Eeaumur and with a charm which Reaiiimir 
lacked Fabra has exerted and will long exert an influence equally 
great, lie was a professor in the highest meaning of the term, and, 
moreover, a teacher of an entirely special kind, who dwelt alone and 
raisL'd up followers by the magic of hia style, the powerful interest 
of hia works. In that as in all things is setn a perfect originality 
and of die highest standard. His sympathetic biographer, Dr. I^egros 
has justly written of him, “He owed little to others, savants or 
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authors, and tlie formula of his stylo as Vr-ell ua the secret of his oH 
are uniquely his own since ho acquired them.^ 

Fftbre hne proved more thou anyone cliJC the difficulties of life, 
blit he knew bow to dominate them by hia own talent and by his 
courage in conserving intact the independence which kept him o|ien 
minded and which he always considered os his most valudlile. atset. 
Modest and simple in his tastes, eager in his researches, deeply in 
love with the quiet country, he would taste the most profound joys 
in the open field whore he dwelt alone among his favorite insects 
and the perfumed plants which there shot forth without fetters as 
in full nature. In this terrestrial ijamdise of the biologist now 
given to science by his devoted friends his step has traced onnsual 
and numerous paths where henceforth continuers of bis woric will 
come for inspiration. It was there that the homage of the institute, 
which made him one of its correspondents, nnd later, the plaudits 
of a renown of which be never dreamed, came to find, I was about 
to say, to disturb him. It is there that he forever rests, leaving to 
new generatians the example of a life made fertile by constant toil, 
bv noble independence, and by the brilliancy of a talent that borders 
uimn genius. 
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